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INTRO DUc- 


INTRODUCTION. 


N comparing the preſent ſtate of che- 
mical knowledge with that which 
prevailed twelve years fince, I truſt that 
every true friend of philoſophy will 
Join me in contemplating with pleaſure 
the rapid improvements which, even 
during that ſhort period, have been 
made in this noble ſcience. And, pro- 
vided the preſent ardent ſpirit of in- 
quiry continues to diffuſe itſelf, it muſt 
ſhortly ripen chemiſtry into ſuch per- 
tection, as will contribute more- to the 
WW 2 "WM welfare 
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(a 
welfare and happineſs of mankind in 


general, than can at preſent be ima- 


\ 


gined. | 
He who firſt made glaſs, or extract 
a metal from its ore, knew not the 


value of his diſcovery ; nor did he fore- 


ſee the benefits that would ariſe to 
mankind from it. So many chemical 


facts lately difcovered, though ſeemingly 


of ſmall importance, may, hereafter, 


prove of the greateſt utility. For in- 
ſtance, the difcoveries of the phoſpho- 
ric acid in bones, and of the con- 
ſtituent principles of volatile alkali, 
ſeem as yet of no great confequence ; 
but I venture to predict, that when 
phyſic is reſcued from its preſent ob- 


ſcurity, theſe will be equal to any 
that have hitherto been made, The 
utility of many fats may depend upon 
the diſcovery of a ſingle one, which 
may throw light upon, and connect 
the whole. Hence, we find the ne- 
| 4 cellity 


„ 
ceſſity of well underſtanding and ar- 
ranging ſuch facts as we have in our 
poſſeſſion, and likewiſe of increaſing 
their number as much as poſſible; but 
in order to do this with facility and 
pleaſure, and alſo to profit by them, it 
is neceſſary that we become perfectly 
acquainted with the true theory of che- 
miſtry, for falſe hypotheſes can only 
tend to confuſe and lead us further 
aſtray from the paths of truth, which 
alone ought to be the object and Par: 
ſuit of true philoſophy. 

Nature has but one way of perform- 
ing her different operations, therefore 
we may juſtly ſuppoſe that there is but 
one true mode of accounting for them, 
and conſequently either the phlogiſtic 
or antiphlogiſtic theory muſt be falſe, 

Des Cartes's vortical fluid appeared 
very plauſible, and was generally re- 
ceived, until the immortal Newton, by 
his profound reaſoning, pointed out 

a 3 its 


5 the motion of the different planets from 


in their days of the conſtituent prin- 


as ill founded as that of Des Cartes. 


the Carteſian philoſophy. 


of Des Cartes, yet he and his cotem- 


iy) 
its inconſiſtency. Des Cartes grounded 
his hypotheſis upon one phenomenon; 


weſt to eaſt. In like manner, Becher 

and Stahl founded their doctrine upon 

the phenomenon of combuſtion only. 
Conſidering the knowledge they had 


ciples of bodies, their hypotheſis was 
very ingenious, although, in my opinion, 


Speculative reaſoning mult ever fall to 
the ground when put to the teſt of 
experiment; fuch has been the fate of 


Although Lavoiſier has not been as 
yet ſo ſucceſsful as the great opponent 


poraries ſeem to promife, by their ex- 
ertions, as ſure and as laſting a theory 
as the Newtonian: even this has been 
oppoſed : why then ſhould we be ſur- 
priſed that the antiphlogiſtic doctrine 
| ſhould 


„ e 
ſhould meet with its opponents alſo? 
Notions early imbibed will not be 
readily exchanged for new ones; the 
flow but ſure hand of time alone can 
diſpel thoſe clouds which never fail 
to eclipſe truth at her early appearance. 

The preſent controverſy amongſt phi- 
loſophers depends upon the following 
queſtions: 1ſt, Whether water be or 
be not compoled of dephlogiſticated 
and light inflammable air? 2dly, Whe- 
ther or no the condenſation of dephlo- 
giſticated air, or its union to different 
bodies, does not depend upon one 
principle, common to all com buſtible 
bodies? Or, in other words, whether 
or no all bodies which burn or cal- 
cine, ſuch as ſulphur, phoſphorus, char- 
coal, oils, metals, phlogiſticated air, &c. 
contain the matter of light inflamma- 
ble air as one of their conſtituent prin- 
ciples? One ſhould ſuppoſe if theſe 
ſubſtances were compoſed of two prin- 
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( vi ) 
ciples, namely, a peculiar baſis, and 
the matter of light inflammable air 
or phlogiſton, that it would be poſſi- 


1 ble to reſolve them into theſe princi- 
| ples, more eſpecially when we conſi- 
1 der the great attraction of the matter 
| of light inflammable air to fire; but 


I the maintainers of phlogiſtön have not 
"IF as yet been able to do this: therefore 
. the only ground they have to build 
| | their hypothefis upon is, that theſe 


it bodies unite to dephlogiſticated air; 
it ' Hhen, according to their philoſophy, 
i dephlogiſticated air has the proper- 
1 ty of uniting but to one ſubſtance 
| in nature, except fire. If the above 
| ſüubſtances were fimples, or even com- 


pounds, but deſtitute of the matter of 
light inflammable air, or phlogiſton, 


the antiphlogiſtians cannot do any 
more than they have done already ; for 
if ſulphur were reſolved into its con- 
ſtituent principles, and if theſe were 
| : two 


(wi ) 
two airs, or more condenſed bodies, 
different from any other with which 


we are at preſent acquainted, the phlo- 
giſtians might ſtill ſay that they con- 
tained phlogiſton (or the matter of light 
inflammable air), if they even were the 
moſt ſimple bodies in nature, pro- 
vided they had the property of unit- 
ing to dephlogiſticated air. Then the 
antiphlogiſtians, - in order to eſtabliſh 
their doctrine, it feems, muſt prove the 
 non-exiſtence of that ſubſtance in bodies, 
whoſe preſence as one of their con- 
ſtituent principles has never yet been 
proved. On this difficulty the Phlogiſtic 
theory ſeems to reſt. 

Hence it appears that this doc- 
trine, which has been generally re- 
ceived throughout Europe, almoſt the 
laſt half century, ſtill ſtands in need 
of being ſubſtantiated; and alfo that 
the joint efforts of the firft philoſo- 
- phers of the preſent age cannot fix 
their favourite doctrine upon a more 


firm 


(viii) 


firm baſis than the celebrated Stahl had 
done in his obſcure days. 
Thus ſeeing upon what principles the 
phlogiſtians and antiphlogiſtians main- 
tained their different doctrines, and the 
impoſſibility of perſuading us by experi- 
ments alone, from what only exiſts in our 
imagination, ſo prone we are to reconcile 
every phenomenon we ſee to our manner 
of thinking, I was obliged to have re- 
courſe to a mode of reaſoning rather no- 
vel in chemiſtry. I have conſidered phlo- 
giſton as a ſubſtance chemically united to 
bodies in a ſolid ſtate, and then inquired 
into the nature of ſuch compounds, and 
whether the different phenomena in che- 
miſtry were conſiſtently explicable on 
ſuch principles. Again, I have endea- 
voured to find whether the ſame pheno- 
mena were as explicable by ſuppoſing 
the different bodies which unite to de- 
phlogiſticated air to attract it, independent 
| of a common n or phlogiſton; by 
| 18 3149 which 
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which means I have been enabled to 
make a fair compariſon, and to draw, ac- 
cording to my judgment, juſt concluſions. 
If I have appeared more inclined one 
way than another, .it is what the evidence 
of my ſenſes and the love of truth com- 
pelled me to. I have not altogether de- 
pended upon the aſſertion of other philo-. 
ſophers, for I have frequently repeated 
almoſt the whole of the different experi- 
ments quoted in the following ſections; 
otherwiſe I ſhould not preſume to offer 
my opinion to the public, knowing how 
differently we often judge of what is ever 
ſo well deſcribed to us, when we ſee it. 
In treating of the acids, I was obliged to 
have f requent recourſe to the metals; for, 
in the preſent knowledge of chemiſtry, 
it is impoſſible to inquire into the nature 
and conſtitution of the one, without the 

aſſiſtance of the other. I have alſo been 
_ obliged to introduce ſeveral diagrams, in 

order to render what 1 meant to convey 
the 


the more intelligible; and indeed 1 


4 


thought it the ſureſt mode of reaſoning, 
and the moſt effeftual means to come at 
wQutles;= | 
1 hope it will appear, that I have not 

taken pains to ſelect facts in order to caſt 
the ſcale in favour of the antiphlogiſtic 
doctrine; for, as truth was my object, I 
conſidered all facts equally efficacious in 
bringing her to light; therefore I made 
uſe of ſuch as firſt occurred to me, and I 
thought were conſiſtent with, and appli- 
cable to, the ſubject; in ſhort, I preferred 
thoſe that have been adduced in favour 
of the phlogiſtic theory; particularly ſuch 
as have been advanced by Mr. Kirwan, 


in his Eſſay on Phlogiſton, a work which 


I have frequently alluded to, as being in- 

tended to ſubvert the antiphlogiſtic doc- 

trine. | | 
*The diagrams, placed at the margin, are very 


| frequently to be read at the end of the firſt ſhort line, 


as part of the ſentence, otherwiſe the ſenſe will appear 
very obſcure, 
Although 


6) 
Although I adopted the antiphlogiſtic 
theory four years ago, and although 
every phenomenen which occurred to 
me ſince, tended to confirm the truth of 
that doctrine; yet, when I conſidered the 
number of able philoſophers, namely, Ca- 
vendiſh , Prieſtley, Kirwan, Black, Hig- 
gins, &c. who perſiſted in the old doc- 
trine, I began to waver in my principles, 
and my deſire to minutely inquire into 
both doctrines daily increaſed; but know- 
ing how inadequate I was to ſo arduous 
a talk, and likewiſe how many there were 
who might have performed it ſo much 
better than myſelf, it was ſome time be- 
fore I could ſummon reſolution enough 
to begin; but my attachment to the 


ſcience at length overcame every other 
conſideration. 

it my efforts ſhould, in this enlighten- 
ed age, be too feeble to do much good, I 
21 8 Mr. Cavendiſh had lately adopted the 


| antiphlogiſtic theory, until a goad part of this volume 


J 9 printed, as renne in the firſt ſection, page 


hope 


G 
hope at leaſt that they will not be pro- : 
ductive of evil. I have written with. con- 
viction and without prejudice (otherwiſe 
it would be natural to ſuppoſe, that I 
would join 'my countrymen in defence 
of that doctrine in which I have had my 
early inſtructions in chemiſtry *). 

If I ſhould be ſo unfortunate as to rea- 
ſon upon wrong principles, the ſooner I 
am contradicted the better pleaſed I ſhall 
be; but if my arguments and inductions 
be juſt, if I even ſhould meet with cen- 
ſure, it cannot laſt long; time, the parent 
of truth, will operate in my favour. 

I fear I ſtand in need of much indul- 
gence in both the ſtyle, and in the many 
overſights reſpecting the correction of 
the preſs, a taſk with which 1 have been 
totally unacquainted until the printing of 
theſe ſheets commenced; and indeed I 


hadan occaſion to o abſent myſelf part of f | 


I am indebted to Dr. Higgins br ay rſt intruions 
in chemiſtry, who is a 4 © 
the 


ee 
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the time, and the perſon who officiated 
for me was wholly ignorant of the ſub- 
ject, and equally as ignorant as myſelf 
with reſpect to the buſineſs of the preſs. 
I have annexed an Analyſis of the Hu- 
man Calculus, which I hope will be ac- 
ceptable as well to my medical as che- 
mical readers. I was the more induced 
to publiſh it, as being delivered in to the 
Royal Society in the year 1787, and read 
at one of their ſpring meetings in the 
year 1788. 3 

I have given an exact and true detail 
of the manner in which I have treated it ; 
in order to give thoſe who were bet- 
ter acquainted with chemiſtry than my- 
ſelf an opportunity of pointing out my 
errors, and to facilitate the labours of leſs 
experienced chemiſts, who may wiſh to 
proſecute the ſame ſubje& ; for, without 


mutual information, chemiſtry, as well 


as all other ſciences, could never make 
any great progreſs, 
"1 T7: 
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* 


A have * my calculations Oe” 
ing to Mr, Kirwan's table, being, in my 
opinion, the moſt accurate of any that hag 

as yet appeared, I thought proper to 
1 inſert it here, knowing that ſome of my 
1 readers will often have an occaſion to re. 
fer to it; I have alſo added the heavy 
inflammable air, as I conſider it a ſub- 
ſtance quite different from the nn ins 


flammable air. 

Mr. Kirwan's table of the abſolute weight of 
100 cubic inches of different kinds of air, 
and their proportions to common air. : 

11 

100 Cubic Inches, gr- Proportion 4p common Air, ff * 

Common air, 31 1000 5 

Dephlogiſticated, 34 1103 1 

Phlogiſticated, 30 985 g 

Nitrous, 37 1194 * 
Vitriolic, 70, 215 2265 
Fixed, | 46, 5 1500 
Hepatic, 30 286 1106 
Alkaline, 18, 16 600 


Light Inflammable, 2, 613 84, 3. 
| 1103 


25 
35 
11, 
15 
15 
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12 from top, after laſtly, inſert a full 9 
17, dele mixture of | | 
2 5 read molecules, and ſo elſewhere 
16, dele full point, and in/ert a ſemicolon: 
three laſt lines, read Or do a denſe and a rare atmo- 
ſphere promote their chemical. union, by cafily. 
blending and ſuffering them to approach nearer:* 
7, for theſe read them | 
8, for with read from 
16, for may read might 
13, for indecompoſed read undecompoſed 
20, dele that is | 
24, For dilute read diluted 
» dele only 
16, dele 2-10ths and i»/ert 15 
14, dele comma 
Is, for to read with 
10 from bottom, for loſes: read loſt” 
11, dele full point, and in/ert a ſemicolon” * 
ult, inſert 1 x 
5 from bottom, inſert a comma after i: 
2 from bottom, dele comma, and zn/ert a full point” 
3 from bottom, for barites read barytes 
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be Compoſition and Decompoſition of 
1 Water, 


LTHOUGH Mr. Lavoiſier had ſhewn 

the Decompoſition of Water, in the 
year 1781, by a variety of ingenious and 
accurate experiments, as will appear in 
the ſequel of this work; yet, his hypothe- 
ſis was not received by any other philo- 
ſopher ; nor was he convinced himſelf, until 
the year 1784, when Mr. Cavendiſh removed 
all doubts, by uniting light inflammable air 
and dephlogiſticated air, and ſhewing chat the 
reſulting compound was water. 


B Thus 
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Thus having proved by ſyntheſis what the 
former philoſopher ſuſpected from analyſis, 
the doctrine of Water was univerſally em- 
braced by all the philoſophers in Europe. 

It undoubtedly is one of the moſt intereſt- 
ing diſcoveries that ever was made in Che- 
miſtry. 1. It enables us to account for ſe- 


veral very important phenomena, which ap- 


peared before very myſterious. 2. It throws 


light upon vegetation, and the means whereby 


nature ſupplies the conſtant waſte of our at- 
moſphere. Laſtly, It has thrown great light 


on the different ſtages of fermentation, which 


was not in the leaſt underſtood before. 
Some philoſophers have lately ſuſpected 
that water has never been either compoſed or 


decompoſed in any of our proceſſes. Mr. 
Kirwan ſuppoſes that water is formed by the 


union of inflammable air and dephlogiſticated 
air only, when one or both are expoſed to a 
red heat; but that in a lower heat they form 
fixable air ® Mr. Lavoiſier is of opinion, 
that one hundred parts of water contain 
eighty- ſeven of dephlogiſticated air, and thir- 


teen of light inflammable air, which is nearly 


ſeven to one. 


According to Dr. Prieſtley 8 efimation of | 


the weight of both airs, it is but five to one. 
* Eſſay e p. 26. 
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However, 
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However, from the variety of circumſtances 
that may change the real ſpecific gravity of 
theſe airs, I think we ſhall be nearer to truth 
if we ſay ſix to one, provided the airs be very 
pure. Two to one by meaſure appear to be 
the exact proportion. 
Dr. Prieſtley ſuppoſes that the water pro- 
duced by the condenſation of inflammable air 
and dephlogiſticated air, is only what was ſuſ- 
pended and attached to them in their elaſtic 
ſtate, and that their reſpective gravitating 
particles form a different compound, namely, 
Nitrous Acid. To aſcertain this, he confined 
his mixture of airs with dry fixed alkali over 
q mercury, in order to abſtract from it as much 
Vater as poſſible. F 
= Having thus prepared his mixture of airs, 
he found, after exploding them, that the pro- 
duct of water fell far ſhort of the weight of 
both airs; and he obſerved a denſe vapour 
after every exploſion, which ſoon condenſed, 
and adhered in a ſolid ſtate to the ſides of the 
veſſel, which he afterwards found to be the 
| Nitrous Acid“. Though I do not doubt 
this indefatigable philoſopher's facts, yet, I 
beg leave to differ from him in his conclu- 
ſions. I think the facts he adduces are not 


p 


| phil. Tranſ. 1788. 
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only inſufficient to ground his hypotheſis | 


upon, but do not in the leaſt tend to contra» 
dict Mr. Cavendiſh's doctrine of Water and 
Nitrous Acid. Let us ſuppoſe four ounce 
meaſures of the mixed airs to produce, by in- 
flammation, in their ordinary ſtate one grain 
of water, and the ſame bulk of air, by expo- 
ſure to lime or alkali, to be deprived of half a 
grain, and that, after condenſation, the quan- 
tity of water produced not to exceed half a 
grain; are we to conclude from thence that 


water had not been formed? Beſides, we are 


to conſider that the ſpecific gravity of air is 
altered in proportion to the quantity of wa- 
ter abſtracted from it. Therefore, an accu- 
rate weight of both airs ſhould be aſcertained 


after they are deprived of their water, before 


we conclude that the weight of the water 


produced falls ſo. much ſhort of the weight 
of the airs employed. 

That nitrous acid is often famed I have 
frequently experienced; but that it ſeparates 
from the moiſture produced, and, in a ſolid 
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ſtate, is what I could never obſerve nor ſuſ- 
pea, conſidering the attraction of nitrous i 


acid for water. I frequently inflamed ſeveral | 


cubic inches of light inflammable and dephlo- 
giſticated air, and never obſerved by the niceſt 
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tell, the preſence of an acid, when the airs } | 


; worked 


* . 
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worked upon were pure, and when the in- 
flammable air prevailed. - But when I re- 
verſed the proportion, I always obtained ni- 


trous acid in a ſingle charge. When the 
dephlogiſticated contained one-eighth phlo- 
giſticated air, I obtained nitrous acid in great 
abundance. , Hence I infer, if we could pro- 
cure dephlogiſticated air entirely free from 
phlogiſticated, that not a particle of any ſort 
of acid would be produced. If nitrous acid 
| ſhould reſult from an union of light inflam- 


mable and dephlogiſticated air, why is not 


'this formed during the flow combuſtion of a 


ſtream of inflammable air in dephlogiſticated 
air? I condenſed, as ſhall be hereafter de- 


ſcribed, half a gallon of dephlogiſticated air 
by the continual flame of light inflammable 
air, and I could not detect the ſmalleſt veſtige 
of any ſort of acid, Then, I aſk, what be- 
comes of the airs? they muſt form ſome com- 
pound; for, from the quantity of fire diſen- 
gaged, it is evident that a chemical union 
takes place. The difference in reſult be- 
tween this proceſs and that in which we uſe 
the electric ſpark may be ealily accounted 
for. The intenſe heat prodyced in the latter 
proceſs by the general and inſtantaneous in- 


flammation of both airs, together with that 


of the electric ſpark, promotes an union be- 
B 3 tween 
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„ 1) 
tween a portion of the dephlogiſticated air 
and the phlogiſtic, which is always preſent 
in the pureſt reſpirable air. Whereas the 
languid combuſtion in the former experiment 
is inſufficient to cauſe ſuch an union. Why is 


1 
4 
* * 


* 


not nitrous acid formed during the combuſ- | 


tion of ether or ſtrong ſpirit of wine, when 


the quantity of fixable air formed could ne- 


ver employ the whole of the dephlogiſticated 


air expended, as evidently appears by the | 


formation of fixable air by the electric ſpark ? 
Theſe circumſtances, in addition to the many 
inſtances we have of the decompoſition of 
water by calcination, fermentation, and vege- 
tation, are ſufficient to remove all my doubts 
reſpecting its conſtituent principles. That 
all elaſtic fluids hold a conſiderable quantity 
of water in ſolution, is well known to every 
body ; but we are not to infer from thence, 
that water is a neceſſary ingredient in them, 
and that it is chemically united to the real 
gravitating matter of the different airs, parti- 
cularly when we can extract the moſt part 
of it from them, Therefore, I do not ſee 
why we ſhould ſay with Dr, Prieſtley, that in- 
flammable air conſiſts of inflammable air and 
water. We may as well ſay, that ſilicious 


earth (as water is ſeparable from it) is ſili- 


cious earth and water, or that ſulphur is ſul- 
"3 | phur 


* 
phur and water, and fo with all other known 
ſubſtances. 

If the greater part of dephlogitticated air be 
water, and if iron be calcined in conſequence 
of its union to water, as Dr. Prieſtley ſuppoſes, 
I would aſk, Why is not inflammable air pro- 
duced during the calcination of iron in de- 
phlogiſticated air, as well as when calcined 
by the ſteam of water? For the Doctor ſays, 
7. But from the preceding experiments it ap- 
pears, that by far the greateſt part of the 
weight of dephlogiſticated air is water; and 
the ſmall quantity of acid that is in it may 
well be ſuppoſed to be employed in forming 
the fixed air, which is always found in the 
proceſs of calcination.” By this it is evident, 
that the Doctor does not allow the entry of 
dephlogiſticated air into the calces of iron; 
and, according to himſelf, there was only the 
thirteenth of an ounce meaſure found in the 
reſiduum of ſeven ounce meaſures of dephlo- 
giſticated air abſorbed by iron. Now ſeven 
ounce meaſures of dephlogiſticated air are 
ſufficient to form five, or at leaſt four and a 
half ounce meaſures of fixable air, There» 
fore, I would aſk, what becomes of this de- 
= phlogiſticated air, or why was not nitrous 
acid formed? | | 

* Vol. vi. p. 120. ; | 
B 4 SECTION 


SECTION II. 
Of the Compoſition of Acids. 


T is to Mr. Lavoiſier that we are chiefly 
indebted for our preſent knowledge of the 
conſtituent principles of the different acids; 
though it is true Dr. Prieſtley made the firſt 
advances towards it. It was by means 
chiefly of theſe ſubſtances that theoretical 
chemiſtry has made ſo rapid a progreſs theſe 
laſt ten years: ſo that we may very well ſay 
they have been the keys of philoſophical che- 
miſtry. Mr. Lavoiſier has ſhewn that de- 
phlogiſticated air is one of the conſtituent 
principles of all acids, and therefore called it 
the oxygenous principle, or the principle of 
acidity. | 
But yet we find that it is chackle oPuniting 
to bodies without poſſeſſing this character. 
Hence it appears doubtful to which of the 
principles we are to attribute this ſingular 
property. The different acid baſes are ſul- 
phur, phlogiſticated air, phoſphorus, the mat- 
ter of charcoal, regulus of arſenic, and the 
unknown baſis of marine acid. Various are 
the opinions of the phlogiſtians reſpecting 
the nature of the union of dephlogiſticated 
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air to the above baſes, though they all agree 
that they contain phlogiſton. Some of theſe 
gentlemen ſuppoſe that the different baſes are 

ä with phlogiſton, which uniting to 
dephlogiſticated air, forms water, at the ſame 
time that another portion of dephlogiſticated 
air combines with the baſis, and conſtitutes 
the acid. Others ſuppoſe that theſe baſes 
contain all the principles of their reſpective 
acids ſaturated, or as if it were enveloped by 
phlogiſton; and that the air only ſeparates 
this phlogiſton by its ſuperior attraction, 
whereby the occult acid is liberated. | 


Mr. Kirwan ſuppoſes that the dephlogiſ- 
© ticated air unites, to phlogiſton, and forms 
fixable air, which, by combining with the 
baſis, conſtitutes the acid. Thus he thinks 
that fixable Air is the principle of, acidity, and 
enters into the canſtitution of all acids. I 
ſhall endeavour to.point out, in the following 
pages, the neceſſity of this laſt philoſopher's 
doctrine towards the ſupport of the phlogiſtic 
theory, and likewiſe his grounds for adopting 
ſuch an hypotheſis, Undoubtedly the doc- 
trine of fixable air will enable phlogiſton to 
ſtand its ground much longer than it other- 
wiſe would ; for, it may be adopted where 
the other phlogiitic doctrines are found in- 
ſufficient; and again, in their turn, theſe 

* may 
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may be introduced to explain ſuch pheno- 
mena as are inexplicable in the former doc- 
trine. Thus, by the mutual aſſiſtance of 
theſe different hypotheſes, the phlogiſtians, 
by ſhifting their ground, may remain for 
ſome time in the field. 

The antiphlogiſtians are of opinion, that 


ſulphur, phoſphorus, &c. are, according to our 


preſent knowledge of chemiſtry, ſimple bo- 
dies, which, when united to dephlogiſticated 


air, conſtitute their reſpective acids. Thus 


the antiphlogiſtians conſider all acids to con- 
ſiſt of two principles only; one peculiar to 
each. | 

Mr. Lavoiſier's Table of the affinities of 
the Oxygenous Principle. Mem. Par. 1782, 


P- 35. | 
Baſes. Reſulting Compounds. 
Baſis of marine acid. Dephlogiſticated ma- 


rine acid. 
Reg. of man. | 
Charcoal. Fixed air. 
Zinc. Calx of zinc. 
Iron. Calx of iron. 
Sulphur. 28 
_ Inflammable principle. Water. 
Nickle, Calx of nickle, 
Lead. Calx of lead. 
| Tin, : Calx of tin, 
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Phoſphorus. Phoſphorous acid. 
Copper. Calx of copper. 
Biſmuth, Calx of biſmuth. 
Regulus of antimony. Calx of antimony. 


Mercury. Calx of mercury. 
Silver. . Calx of ſilver. 


7 Regulus of arſenic. Calx of arſenic. 


Sugar. Acid of ſugar. 


Sulphur. | Acid of vitriol. 


Nitrous air. - Acid of nitre. 
Principle of heat. Dephlogiſticated air. 
Gold. * Calx of gold. 
Smoaking marine acid. 
Nitrous acid. 
Black calx of manganeſe, | 
Mr. Kirwan objects to the foregoing table. 
1. Becauſe he ſuppoſes charcoal, according 
to its precedency, ſhould decompoſe water, in 
a boiling heat at leaſt, conſidering that iron, 
which is placed lower, will produce inflam- 
mable air under the ſame circumſtances. But 
the nature of charcoal ſhould be firſt conſi- 
dered. Though its aggregate attraction ap- 


XZ pears weaker than that of iron, from its facility 


of pulverization; yet when reduced into pow- 
der, or {mall molicules, its ultimate particles 
may cohere with greater force. The frangibi- 
lity of charcoal is in a great meaſure owing 
to the number of minute cavities which inter- 


ſec 


| 
| 
| 
| 
| 
4 


( m2 ) * 
ſect its texture, from the expulſion of the ſuc 
culent part of the wood. Independent of theag> 
gregate attraction, which certainly counteracts 


chemical union more than we are aware of, 


I think the ultimate particles of charcoal are 


ſurrounded with ſome repelling fluid, which 
defends them from the action of air and wa- 
ter; and the ſame may be ſaid with reſpect 


to ſpirit of wine, ether, and oil: for they all 
have greater affinity to dephlogiſticated air 


than phoſphorus, which combines with it in 


the common temperature of the atmoſphere. 


This, whether it be the electric fluid, common 


fire, or ſome other fluid, with which we are 
not acquainted, deſerves attention. Nitrous 
air will ruſh into union with dephlogiſticated 


air in any temperature, and yet ſugar will 


not, though it deprives it of its dephlogiſti- 


cated air. Pure calcareous earth, perfectly 
dried, will not attract marine acid air; and 
yet water, to which it has leſs n will 


condenſe it, and enable it to unite to this. 
Light lnflammable air and dephlogiſticated 
air will not combine in their ordinary ſtate 
but by the help of fire, either the electric, or 
a common ſpark ; yet they will unite very 
readily when one or both are partially con- 
denſed. Thus nitrous air, which, as ſhall 


hereafter appear, is — of dephlogiſti- 
cated 


> * 13 3 


cated air and phlogiſtic only, will condenſe 
hepatic gas. Hepatic gas, as I ſhall en- 
deavour to ſhew in the ſequel, is light inflam- 
mable air in its full extent, holding ſulphur 
in ſolution. The ſulphur is precipitated, and 
the reſiduum is dephlogiſticated nitrous air. 
Here a portion of the dephlogiſticated air of 
the nitrous combines with the inflammable 
air of the hepatic gas, and forms water. It 
cannot be ſaid that this takes place in conſe- 
quence of a double affinity. Phlogiſticated 
air is with difficulty united to dephlogiſticated 
air, though it attracts it with greater force 
than nitrous air. Iron moiſtened with wa- 


4 ter, and confined by mercury, will yield in- 
flammable air. Iron, treated in the ſame 


manner, and confined with dephlogiſticated 
air, will produce no inflammable air: but 
the air will be diminiſhed. Iron will yield 
no inflammable air if it be confined in very 
dry dephlogiſticated air, neither will the air 
be diminiſhed, nor will the iron tarniſh in 
any length of time. Hence it appears, that 
iron has no effect on air in a common tem- 
perature, but that it is the water which is de- 
compoſed, and that the dephlogiſticated air 
and inflammable air unite at the very inſtant ' 
of its liberation, and re-compoſe water. 
W Theſe are difficult to be accounted for. All 

55 that 


(+14 ) 
that we can ſay of them is, that a certain de- 
gree of condenſation facilitates their union; 
but this conveys no idea of the true cauſe. 
It may be ſaid, that water condenſes marine 


air in conſequence of its capacity for fire.. 


But why phoſphorus, and not oils, or ſugar? 
or, why nitrous air, and not phlogiſticated, 
unite to dephlogiſticated, in a common tem- 
perature ? Or, again, why iron takes the oxy- 
genous principle from water in preference to 
that in its aErial ſtate, when the light inflam- 

mable air diſengaged condenſes it, is, in my 

opinion, very little underſtood. 

It 1s true, all this may be juſtly attributed 
to fire, which, from its attraction to bodies, 
counteracts their chemical union to one 
another: but, from the following conſidera- 
tions, I think ſome other power muſt inter- 
fere. It is generally allowed, and juſtly, that 
nitrous air conſiſts of dephlogiſticated air and 


phlogiſtic in the proportion of two of the for- 


mer to one of the latter. The ſuppoſition of its 
containing phlogiſton, I hope, will hereafter 


appear to be erroneous ; therefore every ulti- 


mate particle of phlogiſticated air muſt be 
united to two of dephlogiſticated air; and 


theſe molicules combined with fire conſtitute 


nitrous air. Now if every of theſe molicules 
were ſurrounded with an atmoſphere of fire 


one 


a (15 ) 


equal in ſize only to thoſe of dephlogiſticated 
air, 100 cubic inches of nitrous air ſhould 
Ws weigh 98,535 grains; whereas, according to 
Kirwan, they weigh but 37 grains. Hence, 
we may juſtly conclude, that the gravitating 
particles of nitrous air are thrice the diſtance 


3 from each other that the ultimate particles of 
dephlogiſticated are in the ſame temperature, 


and of courſe their atmoſpheres of fire muſt 
be in ſize proportionable ; or elſe ſome other 
W repelling fluid muſt interpoſe. The fize of 
the repelling atmoſpheres of nitrous air thus 
. conſidered, and likewiſe the weaker attrac- 
tion of the molicules of this air to dephlogiſ- 
Ficated air than that of the ultimate particles 
ff phlogiſtic in their ſimple ſtate, It is ſur- 
yriſing to me, with how much more facility 

che former unites to dephlogiſticated air than 
che latter. The decompoſition of nitrous air, 
by the light inflammable air of the hepatic gas, 
is equally extraordinary, conſidering, as I ſaid 
before, that the inflammable air is not in a 
condenſed ſtate; and, therefore, combined with 
its natural portion of fire. Do atmoſpheres of 
equal denſity favour the union of their reſpec- 

WMtive gravitating particles? Or, do a denſe and 
a rare atmoſphere, by eaſily blending, promote 

Ws their chemical union, by fuffering them to ap- 
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| proach nearer ? 2 does the clectrie fluid in- 


terfere ? 


to me that the attractive forces of bodies are 


not to be eſtimated by the facility of com- 


pounding, but rather by the difficulty of de- 


compounding theſe again. Therefore, I beg. 


leave to differ with Mr. Kirwan in his ob- 
jections (page 24) to Mr. Lavoiſier's Table 


of Affinities, until he adduces more ſubſtan= 


tial reaſoning. _. 
I think Ang mould be placed before 


light inflammable air, and manganeſe before 


charcoal, for reaſons which will hereafter ap- 
pear. Therefore, without making any alter- 


ation in Mr. Lavoiſier's Table, I took the li- 


berty of having theſe placed between both co- 
lumns. In order to be the more explicit, I 


ſhall uſe the term aggregate attraction alone, 
in explaining that power which ſolid or leſs 
condenſed bodies have of counteracting che- 
mical union. Though, as I have obſerved 
above, I ſuſpect ſome other force to co-ope= 
rate with this: but I ſhall not preſume to de- 
ſcribe to others what I do not well underſtand 
myſelf. Thus, let us ſuppoſe charcoal to at- 


tract dephlogiſticated air with the force of 


ten, and contrary powers, which I ſhall call 
the 
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the aggregate attraction, to reſiſt this with 
the force of eleven; Let us likewiſe ſuppoſe 
iron to attract dephlogiſticated air with the 
force of ſeven, and its aggregate attraction to 
counteract this with the force of ſix and 
ſeven-eighths. It would require greater heat 
to unite the two former than the two latter, 
though they have by far the greater affinity 
to one another. But when once the ſcale is 
caſt in favour of the former, the rapidity of 
their union ought to be greater than that of 
the latter; which is really the caſe. 


* 


SECTION 


SECTION Il. 


On the Vitriolic Acid. 


ciple, which, when ſaturated with phlogiſton, 
conſtitutes ſulphur, but with fixed air vitr- 


olie acid; and when combined partly with 
the one and partly with the other, volatile | 


ſulphureous acid “k. - 
Let us for a moment allow ſulphur to be 


what Mr. Kirwan ſuppoſes, that is, a certain 
baſts ſaturated with phlogiſton, and which, 


when expoſed to dephlogiſticated air, with 
due application of heat will unite to it, exhibit 
the phenomenon of combuſtion, and produce 
vitriolic acid. I aſk Mr. Kirwan, What 
takes place in this proceſs ? He of courſe will 
ſay, that the dephlogiſticated air unites to the 
phlogiſton of the ſulphur, and forms fixable 
air, which re-unites to the radical baſis, and 
conſtitutes the acid, | 
According to Mr. Kirwan himſelf, water 
ought to refult from an union of dephlogiſti- 
eued air and phlogiſton during the combuſ- 


8 Eſſay on Phlogiſton, p. 28. 


R. Kirwan is of opinion, that ſulphur 
1 conſiſts of a baſis, or a radical prin- 


| cw) 
W tion of ſulphur, conſidering that this cannot 
W take place but in a red heat; therefore it ap- 
pears to me, that his Joavine 1 is a little con- 
tradicted in this proceſs. 
Other phlogiſtians, on the contrary, will 
ſay, that a portion of the dephlogiſticated air 
unites to the phlogiſton of the ſulphur, and 
forms water, while another part unites to the 
baſis of ſulphur, and conſtitutes the vitriolic 
acid. I muſt confeſs, in this one circum- 
ſtance, this laſt hypotheſis appears to me to 
be the moſt rational and moſt flattering mode 
of ſupporting this imaginary theory. 

Mr. Kirwan muſt acknowledge, that light 


XX inflammable air and dephlogiſticated air conſti- 


tute water; and, in his opinion, light inflam- 
mable air is pure phlogiſton combined with 
fire, but when united to metals, the baſis of 
ſulphur, &c. that it is in a concrete ſtate, 
Fixed air has never been known to reſult from 
an union of dephlogiſticated air and light in- 
flammable air in its pure ſtate. I condenſed 
upwards of one hundred cubic inches of de- 
phlogiſticated air by the combuſtion of light 
inflammable air in a jar inverted over lime 
water. The inflammableairwas Asprocuced! from 
iron entirely free from ruſt, *#nd the vitrio- 
lic acid uſed was highly concentrated, and 
tervinnde diluted. with three times its bulk 
C 2 of 


nem 
— 


iy a” © — — et. 0 < 3 4 229 * — PIR WW .þ an, 5 * xls Wc 
— — 2 = Þ = EXE _ — * 2 . 
. 5 . . * — N * — = 4 x," „ 2 A REY r - & 2 þ4 = n * — T — > — 
r wy yt — # 8 OP A IRE. - KLE TIT 22 Sf = IT 2 — —— — - — 2 S — FEES: — 2 
2 r — 1 I ok Ix _—_— — — — | — - — —— — — — — — — —_—_ — PO ; — 5 — 
— — 4 — — WC; 2 1 3 & = =z _ — — EA — 2 : 
- L 1 _ , — — — — — — — — — a — — — 
* _ mn © . — 2 = 4 " 1 
- = N P n — — 2 < 5 m— „ > K 
— — "SO —ä 22 — _ + es a — 


— - — —— _ — 
— — — Ss — 
_ — 


2. P edited. gg tel Loreen oo oor GG ofi3#t&eans P od dlit#tth 0 ca U 1 
2 — - 0 
N - 2 1 — " — 


1 60 


of water. The inflammation of both aity 


took place during the extrication of the in- 


flammable air, which paſſed through a copper 
tube ſeven inches long, with a bulb in the 
middle, which contained a ſmall quantity of 
ſoap lees, both to retain any fixable air that 
may be ſeparated from the iron, and likewiſe 
any vitriolic acid that may be mechanically 


forced up. The combuſtion was carried on 
at the extremity of this tube in a continual 


flame, and water trickled down the ſides of 
the jar during the whole proceſs ; but not a 
particle of fixable air could I detect. I re- 


peated the ſame experiment over diſtilled wa- 
ter, which I carefully boiled in order to expel 


any fixable air it may contain, and could not 


detect the ſmalleſt veſtige of any acid. When 
theſe airs are combined by the electric ſpark, 
no fixable air is produced. During the defla- 
gration of zinc in dephlogiſticated air, no 
fixable air is produced, provided they be both 


pure. All philoſophers agree that fixable air | 


is an acid; then I aſk, What are its conſtituent 


principles? Mr. Kirwan will no doubt ſay, | 
Dephlogiſticated air and phlogiſton. Again, I 


aſk, what the conſtituent parts of water 
are? He will ſay, as above, Dephlogiſticated 


air and phlogiſton. That is to ſay, they are 
the ſame things, but differently modified. 
; Let 
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6 
Let us conſider how widely different theſe 
two ſubſtances are in their properties, and we 
ſhall find that no modification could make 
this vaſt difference. 

Fixed air will unite to different bene and 
change their phyſical and chemical qualities; 
even it will unite to water, according to Mr. 
X Kirwan, its ſecond ſelf, and make a vaſt alter- 
ation in its properties. Allowing then, as I 
ſaid before (and which is but a temporary 
indulgence), ſulphur to be what the phlo- 
= giſtians ſuppoſe, a certain baſis and phlogiſ- 
ton, where are the materials for fixed air ? 
, 4 for, from what has been obſerved, it can- 
not be ſuppoſed that phlogiſton, either in 
ts aerial or denſe ſtate, will form fixable air. 
What anſwer can Mr. Kirwan make to this, 
Y though I allow him phlogiſton ? In my opi- 
nion, he muſt give up his fixed air, and ſay, 
Vith other phlogiſtians, that vitriolic acid 1s 
formed by an union of dephlogiſticated air to 
the baſis of ſulphur, and that the phlogiſton 
flies off; or adopt a more modern, and in- 
deed the ſtrongeſt argument in favour of 
phlogiſton, the formation of water. I ex- 
poſed near ſixty grains or more of highly 
concentrated vitriolic acid and light inflam- 
4 mable air to heat ſufficient to cqnvert the 
whole into volatile fulphureous acid: the 
2 C 3 proceſs 


5 ITT TEA” 
r 18 


* ö o& "2% $2 T5 LR . : - 
r n A 


* ** 


4 — 2 » - 
— — > . == — = P 2 
— — — — 0 2 7 wha - 1 
ot » 2 c . ad — — «+ . pa * 7 1 — - — — _ p 
£ T - - & - 
— Nn 1 wy - . I | 2p oy * = - a — 8 2 
r — — — 0 £ - 44 . l 1 13 7 82 me 
- — — 1 — 2 
2 — - 5 . - __ — ud — Wo * ” > r= = th — 2 2 * p 
— "Fas i — — — — 5 4 To ee — — * - — e " 
— = * - - = — © — — — 4 ö I» — . = p — — — — 
— „ — — —— —ę—ũ— 8 SISA b : ' T BEE — — I - 4 
— — & — — 2— — BAC — * Ar. - Oo 7 __ - * — 4 2 eee — — 8 
whe >. - — — — . * - = — — —— = — — — — — — . 2 
* > * * * — — = a _ . N £ —— 4 3 — — — - — — — — _ — 
N F - -——_ ” — — = b— — — — — — — 
'T CT 2 ne —— e — 5 — — . — = — — — > —— — 2 — 
* — — — 22 — " + aw — — — — K _ — — — — 
2 ws 6 = * 4 4 * — — = — * 1 > ” _ = 
E -4 nat a — Ne 
—— => 7 . 2 _ m 
DOS + 1 
— 4 
—— 


— 
— — — 
— —_ 
- -- — 
— _ 
l 
— K 
* 


wn 
* 


— 


omni 


(.. 22 ) 


proceſs was carried on with a gradual heat, 
to prevent the diſtillation of the acid until de- 


tompoſed. The reſiduum contained volatile 
vitriolic acid and light inflammable air, -but 
not a particle of fixable air. If fixable air 
were one of the conſtituent principles of vi- 
triolic acid, and if this again were compoſed 
of light inflammable air, or phlogiſton, and 
dephlogiſticated air; whether the inflamma- 
ble air united to the baſis of the ſulphur, or 


whether it deprived the original phlogiſton_ 


of the ſulphur of its dephlogiſticated air, fix> . 
able air ought to be produced ; for the above. 
proceſs has been, according to Mr. Kirwan, 
very favourable to the Pe ii of fixable, 


air“. When ftrong vitriolic acid was re- 
duced to the ſame ſtate by iron filings, fixa- 


ble air was produced invery ſmall proportion; 
which ſhews, that the fixable air did not re- 
ſult from an union of dephlogiſticated air and 
light inflammable air, but muſt come from 


plumbago, or from ſome other impurity in 


the iron. If very pure alum be heated to 
ignition, it will yield dephlogiſticated air 
and volatile ſulphureous acid, but no fixable 


air, Mr. Kirwan will undoubtedly explain N 1 


it thus, vis. That the baſis of the ſulphur de- 
* Effay on Phlogiſton, p- 26. 
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prives the fixed air of its phlogiſton, and that 
its dephlogiſticated air is difengaged, at the 
ſame time that the volatile ſulphureous acid 
- retains a ſufficient quantity of fixable air and 
phlogiſton to keep it in an intermediate 
ſtate. 

3 Here then the baſis of fulphur ſeems to 
have greater affinity to phlogiſton, than de- 
X phlogiſticated air has, or than it has to both 
dephlogiſticated air and phlogiſton united; 
which even the phlogiſtians themſelves will 
not allow. If it ſhould be urged, that this 
"decompoſition is in confequence of the at- 
traction of the different fluids for fire, light 


| 2 inflammable air ſhould be produced; or, ac- 
X& cording to Mr. Kirwan, the fixable air ſhould 


be converted into water, conſidering the de- 
gree of heat neceſſary for the proceſs, and 
the baſis of ſulphur diſengaged in its ſimple 
"ate. 
Water could not be decompoſed in this 
proceſs, For, admitting the moſt plauſible 
phlogiſtic hypotheſis, that of the union of 
dephlogiſticated air to the baſis of ſulphur, - 
while another part forms water, by combin- 
ing with its phlogiſton, adouble decompoſition 
muſt take Place, vix. the baſis of the ſulphur 
muſt give up its dephlogiſticated air in conſe- 
quence only of the mediation of fire; the wa- 
"2 oi ter 


ene 
the attraction of the baſis of ſulphur for phlo- 


| giſton being ſuperior to that ofdephlogiſticated 


air. Is it likely that the baſis of ſulphur ſhould 
give up its dephlogiſticated air ſo readily, at 

the ſame time that it unites to a ſubſtance of 
equal volatility, and to- which it has leſs at- 
traction? The dephlogiſticated air of the Wa- 
ter alone muſt be ſufficient to prevent ſuch an 
union. Sulphur gives up its phlogiſton (if 
uniting to dephlogiſticated air be ſuch)in any 
degree of heat above ignition. Its phlogiſ- 
ton will even take a portion of their dephlo- 
giſticated air from metallic calces, notwith- 
ſtanding two contrary powers, according to 
the phlogiſtic doctrine, oppoſe the union: 

for, if ſulphur were a compound of phlogiſton | 
and a certain baſis, how could its phlogiſton 
take dephlogiſticated air from the phlogiſton 
of the metal ? Is not here phlogiſton to op- 

poſe phlogiſton ? 

The phlogiſtians conſider metallic ſub- 

ſtances to be compoſed of certain baſes and 
phlogiſton ; allowing this, and likewiſe 1 | 
olic acid, to be compoſed of three principles, 
phlogiſton, the baſis of ſulphur, and dephlo- 


giſticated air; and the phlogiſton and d 
phlogilticated. air to be in the form of fixable 


air intimately united to the baſis of ſulphur ; ; 
and 


AW) 

and likewiſe the metallic baſis ta attract its 
phlogiſton with great force, as indeed it muſt, 
when the ſtrongeſt heat cannot part them, 
notwithſtanding the volatility of phlogiſton. 
In this caſe, how can metals decompoſe vitri- 
olic acid? for it cannot be ſuppoſed that the 
dephlogiſticated air already united to phlo- 
giſton will quit it, to unite to the phlogiſton 
of the metal: even the attraction of the 
baſis of ſulphur for both tends to render this. 
improbable, as does likewiſe the attraction 
that muſt ſubſiſt on the other ſide between 
phlogiſton and its metallic baſis. It may be 
ſaid, that the fixable air of the vitriolic acid 
unites to the metallic baſis, at the ſame time 
that its phlogiſton either paſſes off in an aerial 
ſtate, or unites to the baſis of the ſulphur. 
Tf ſo, the metallic baſis muſt have greater at- 
traction to phlogiſton and dephlogiſticated 
air Jointly, than to phlogiſton alone; there» 
fore, it myſt part with its phlogiſton to unite 
to fixable air. If this ſhould be the caſe, phlo- 
| giſton i in an aeriform ſtate, or light inflamma- 
ble air, could not deprive the metallic baſis of 
its fixable air, even in the ſtrongeſt heat; nor 
could it take dephlogiſticated air from the me- 
tallic baſis and its phlogiſton; though it is true 
fire may weaken theirunion, andthereby enable 
the dephlogificated air to quit the phlogiſton 
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of the metal, to unite to che diſengaped phlo- 


giſton. Is it likely that this ſnould take place, 


eſpecially when it appears that phlogiſton and 


dephlogiſticated air united will expel phlo- 
giſton from metals? Ts it reaſonable ro ſup- 


poſe, that phlogiſton will take dephlogiſti- 
cated air from phlogiſton, when the advan- 
tage and diſadvantage of * muſt be the 
ſame to both? 

Let us now conſider the other phlogiftic 
hypotheſis, that of the formation of water by 
the union of phlogiſton and dephlogiſticated 
air, while another portion of dephlogiſticated 
air unites to the baſis of ſalphur, and forms 

vitriolic acid. Diluted vitriolic acid will cal- 
eine iron in any temperature, and light in- 
flammable air is produced, Which, in the opi- 
nion of the phlogiſtians, is the phlogiſton of 
the metal combined with fire. What does 
the metallic baſis unite with in preference to 
its phlogiſton ? If it only unites to that por- 
tion of dephlogiſticated air attached to the 
baſis of ſulphur, then this baſis might be ob- 
tained in its purity. Beſides, if only deplilo- 
giſticated air united to the metals during ſolu- 
tion, inflammable air would not be produced; 
for this is never obtained during calcination 
in dephlogiſticated air. The baſis of ſul- 
phur and its dephlogiſticated air very likely 
| = unite | 


. 

unite to the metallic baſis, and expel its 
phlogiſton. But then, if this were the caſe, 
pure alkali, or calcareous earth, would preci- 

pitate the baſis of iron in its pure ſtate ; a cir- 
cumſtance which has never yet taken place 
for the precipitate is heavier than: the iron, 
and it contains dephlogiſticated air enough 
to ſaturate. or condenſe the inflammable air 
extricated during the ſolution, Whence 
comes this dephlogiſticated air? Not from 
the vitriolic acid; for it is not decompoſed, 
as evidently appears from Mr. Lavoiſier's 
experiment, who found that a ſolution of vis 
triol of iron required as much alkali to fatu- 
rate it, as the ſame quantity of acid in its ſim- 
ple ſtate. _ I have repeated this experiment, 
and found i it to be ſo. Hence, I think the 
phlogiſtians muſt have recourſe to water to 
enable them to attempt an explanation of 
the ſolution and calcination of metals in the 
vitriolic acid; and, in my opinion, they will 
then ae nearer to truth than before. 
Does the water itſelf unite to the metallic ba- 
ſis, and expel its phlogiſton? The phlogiſ- 

tians muſt ſay it does, or allow the decom- 
poſition of water, which they are unwilling 
to do. If water alone were the chief agent 
in the e as Mr. Kirwan himſelf 
_— 
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obſerves , It would calcine iron with as much 
facility in its purity, as when mixed with vi- 
triolic acid. Here, then, the metal is de- 
prived of its phlogiſton, and its baſis united 
to dephlogiſticated air: the acid is not decom- 
poſed, and the phlogiſtians will not allow the 
decompoſition of water; and from what has 
been ſaid above, the union of water itſelf is 
inadmiſſible ; therefore, they muſt allow wa- 
ter to be decompoſed. . Does the dephlogiſti- 
cated air of the water unite to the phlogiſton 
of the metal, and let go its own phlogiſton ? 
Dephlogiſticated air, as already obſerved, can 
hardly be ſuppoſed to quit one principle to 
unite to another of the ſame ſort, which muſt 
be. already intimately united to the metallic 
baſis. Let us add to this, the attraction thay 
muſt ſubſiſt between the principles of water. + 
The phlogiſtians, if they even muſt allow 
the decompoſition of water, may ftill have re- 
courſe to one more mode of argument in ſup- 
port of their almoſt wrecked hypotheſis; which 
appears to be but a plauſible evaſion of truth, 
and which is, that the metallic baſis and its 
- phlogiſton attract dephlogiſticated air jointly, 
with greater force than either ſeparately ; and 
in conſequence thereof, that the phlogiſton 
of the water muſt yield its dephlogiſticated 


* Eflay on Phlogiſton, p. 99. 
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air to a ſuperior force. Indeed, if this were 
the truth, we could not well account for the 
reduction of metallic calces by inflammable 
air in the ſtrongeſt heat, when we ſuppoſe 
phlogiſton to oppoſe phlogiſton, and likewiſe 
when we conſider the attraction of the 
metallic baſis for both; which muſt be very 
conſiderable, when almoſt all the metallic 
calces will not yield either in the ſtrongeſt 
heat, notwithſtanding their volatility and at- 
traction for fire. It is true, fire may weaken 
the union of phlogiſton and dephlogiſticated 
air to the metallic baſis, but not ſo materially 
as to enable phlogiſton to expel them both. 
In ſhort, the phlogiſtic theory, taken in the 
moſt partial point of view, preſents to me 
ſuch numberleſs inconſiſtencies, that I ſhould 
imagine its obſcurity alone has prevented 
its fall long before this time. 

Water will not apparently a& upon iron 
in the common temperature of the atmo- 
ſphere ; but, diluted vitriolic acid will rapidly 
diſſolve it, and inflammable air will be pro- 
duced. This evidently ſhews, that the acid 
takes an active part in the calcination ; and, 
from what has been already ſaid, it ill | is 
found to contain all i its principles. Whence, 
then, does the iron receive its dephlogiſti- 


2 air ? or, let the phlogiſtians explain, in 
| their 
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their doRring; bow'the acid udn in this pro 


ceſs. If highly concentrated vitriolic acid 
be: uſed, very little inflammable air is ob- 
tained, but chiefly volatile ſulphureous acid; 
and if heat be uſed for a conſiderable time, 
ſulphur will be formed. 

Let the phlogiſtians account, in their doc- 


trine, for ſo material a difference in theſe two 


proceſſes from the mere preſence of water. 
I think they have remaining but one method 
of accounting for the latter ; which 1s, that 


the baſis of ſulphur gives up its dephlo- 


giſticated air to the iron, at the ſame time 
that the iron yields its phlogiſton to the _—_ 
of ſulphur. 

If this were the cds the ſame circum- 
ſtance ſhould take place in diluted vitriolic 


acid: beſides, if. the metal ſhould exchange 


phlogiſton for dephlogiſticated air only, tur- 
bith mineral could not be reduced by the 


mere expulſion of it, provided phlogiſton be 


a neceſſary principle in the conſtituticn of 
metals. I think theſe facts tend ſtrongly to 
prove the deluſion of the phlogiſtic theory 


for let us trace it which way we will, though 


it may flatter us in a few circumſtances, it 
will lead us into a wilderneſs, where we loſe 
ſight of that concatenation of nature which 

the 


« 3x Fy 
de sat, decke enables ws in helps 


without interruption. 

What is the ſtrongeſt proof of the exiſtence 
of phlogiſton in bodies? Inflammation when 
expoſed. to heat in atmoſpheric air. Is not 
the fire given out by the condenſed air? 
Does dephlogiſticated air unite to any ſub- 
ſtance but to that which contains phlogiſton? 
According to the phlogiſtie theory, it does 
not. Is it inconſiſtent with the natural 
courſe of things, to ſuppoſe, that there are 
bodies which do not contain a particle of 
light inflammable air, and whoſe attraction 
for dephlogiſticated air may be ſuch as to 
combine with it (under favourable circum- 
ſtances) ſo as to diſengage its fire, denſe 
enough to exhibit the phenomenon of com- 
buſtion? 

If the condenſation of dephlogiſticated air 
by the different bodies which yield flame and 
light were occaſioned by the ſame. principle 
common to them all, too great inertneſs 
would prevail between thoſe bodies which 
contain dephlogiſticated air, and thoſe that 
are ſuppoſed to contain phlogiſton; for phlo- 
giſton muſt counteract phlogiſton, and there- 
by preſerve a neutrality ſufficient to reſiſt 
mm operations, as well conducted on 

| the 


4 32) 
the lüge fle of nature as in our elabGrats 


ries. 
Though we hive not hitherto been able to 
decompoſe pure calcareous, argillaceous, ſili- 
ceous, barytic and magneſian earths, or fixed 
vegetable and mineral alkalies, yet we ſuſpect 
them to be compounds. Indeed, the very 
circumftance attending the increaſe of calca- 
reous earth in the animal kingdom, is a 
ſtrong inſtance of its being a compound, as 
likewiſe is that of fixed vegetable and mi- 
neralalkalies in the vegetable kingdom : but 
until we reſolve theſe into their conſtituent 
principles, we muſt conſider them as ſimple 
ſubſtances, and not attribute their different 
properties to one common principle. I think 
I may preſume to ſay, that ſulphur, phoſ-- 
phorus, phlogiſticated air, and metals, are as 
fimple bodies as the earths, and that we 
know as little of theit origin or conſtituent 
principles. | 
The latter will unite to dephlogiſticated 
air, but ſome with more facility than others, 
and . preſent during the union nearly the 
ſame phenomena. But are we to infer from 
thence, that the ſame principle is common to 
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them all, when the reſulting compounds are 
_ quite different? The former (two excepted) 
will unite to acids, and preſent like pheno- 
mena z 
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( 33 ) 
menà; and may we not infer from this, 
with as great probability of truth, that the 
fame principle which promotes a chemical 
union between the acid and any of theſe, is 
common to all, and which we may call the al- 
kalinate principle ? Is not this laſt as rational 


an hypotheſis as that of the principle of in- 


flammability ? There are as ſtrong Rn 
for the one as for the other. 

If ſteam be paſſed over fuſed ſulphur, light 
inflammable air will be obtained, as Dr. 
Prieftley has obſerved. From whence does 
this air come? The phlogiſtians will un- 
doubtedly ſay that it is diſengaged from the 


ſulphur. If ſo, the baſis of ſulphur attracts 


water with greater force than it does phlo- 


giſton; but will water and the baſis of ſul- 


phur form vitriolic acid? By no means; 
though volatile ſulphureous acid is formed 
in this progeſs, which actually requires de- 
phlogiſticated air for its conſtitution ; a clear 
proof that water muſt be decompoſed. I 
ſhould like to know how the phlogiſtians 
can account for this decompoſition. Let us 
ſuppoſe ſulphur to be a compound of a cer- 
tain baſis and phlogiſton, and water to be 
compoſed of dephlogiſticated air and phlo- 


giſton : would the dephlogiſticated air of the 


water quit its own phlogiſton, to unite to the 
D phlogiſton 


$ #* 
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- phlogiſton of the ſulphur? Unleſs ſome other 


power co-operated, and what can this be? 
The baſis of ſulphur unites to dephlogiſti- 


cated air, and forms a compound in itſelf. 


Therefore it cannot be ſuppoſed that it could 
give any aſſiſtance to its phlogiſton, which 
unites to the ſame principle, and forms a 
ſeparate compound: on the contrary, we 


ſhould expect that their mutual attraction to 


5 


one another ſhould prevent the decompoſi- 
tion of water. Let us ſuppoſe dephlogiſti- 


cated air to attract light inflammable air with 


the force of 4, and the baſis of ſulphur to 
attract phlogiſton or concrete inflammable 
air with the force of 3, and its aggregate 
attraction to be equal to one more, which 
muſt be nearly the proportion, conſidering 
that ſulphur will not unite to dephlogiſti- 
cated air in the common temperature of the 
atmoſphere, but requires fire togremove its 
aggregate attraction. In this caſe water muſt 
be decompoſed in conſequence of the at- 
traction of the baſis of ſulphur alone for 
dephlogiſticated air, which muſt be more 
than equal to the contrary powers already 
mentioned (making an allowance for the at- 
traction of aggregation), that is, it muſt ex- 
ceed 7 to ſubdue them. The ſame ſtate- 
ment may be obſerved with reſpect to the 

7 calcination 
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calcination of metals by water, if we ſup- 
poſe theſe to contain phlogiſton. 
A good many more facts might be urged 
on this ſubje&; but in my opinion enough 
has been adduced to convince an impartial 
reader, that all the phenomena above recited 
are only explicable by entirely leaving out 
phlogiſton, and ſuppoſing ſulphur to be a 
ſimple ſubſtance, whoſe ultimate particles at- 
tract dephlogiſticated air with forces inhe- 
rent in themſelves, independent of phlogiſton 
or concrete inflammable air, as an alkali does 
an acid, or gold and tin mercury ; and like- 
wile ſuppoſing the combuſtion of ſulphur to 
be as ſimple a proceſs as that of light in- 
flammable air; that is, that there is no de- 
phlogiſtication or formation of water during 
the union of the oxygenous principle to ſul- 
phur, as containing not a particle of light 
inflammable air in its conſtitution, I have 
often combined ſulphur rendered perfectly 
dry, and dephlogiſticated air likewiſe, deprived 
of its water by fuſed marine ſelenite in large 
proportion over mercury, and could never 
obſerve that water was produced. Indeed 
it may be ſaid, that the volatile ſulphurous 
acid, which is always the reſult of this pro- 
ceſs, may re- diſſolve it; but this is not very 

D 2 likely, 
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likely, when a ſmall portion of water wil 
deprive it of its elaſticity. 

According to Mr. Kirwan, 100 grains of 
ſulphur require 143 grains of dephlogiſti- 
cated air to convert them into volatile vi- 
triolic acid; but they require much more in 
order to become perfe& vitriolic acid. 
Highly concentrated vitriolic acid contains 
2 parts of dephlogiſticated air, and 1 of 
ſulphur, excluſive of water. 

One hundred and forty-three grairis of 
dephlogiſticated air contain 41 of water, for 
lime will abſtract 26 grains from it, and the 
remainder cannot be ſeparated from it in its 
aerial ſtate ; therefore 100 grains of ſulphur, 
making an allowance for water, require 100 
or 102 of the real gravitating matter of 
dephlogiſticated air to form volatile vitriolic 
acid ; and as volatile vitriolic acid is very 
little ſhort of double the ſpecific gravity of 


dephlogiſticated air, we may conclude, that 


the ultimate particles of ſulphur and de- 
phlogiſticated air, contain equal quantities of 
ſolid matter ; for dephlogiſticated air ſuffers 
no conſiderable contraction by uniting to 
ſulphur in the proportion merely neceſſary 
for the formation of volatile vitriolic acid. 
Hence we may conclude, that, in volatile vi- 
triolic acid, a ſingle ultimate particle of ſul- 
25 phur 
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phur is intimately united only to a ſingle 
particle of dephlogiſticated air; and that, in 
perfect vitriolic acid, every ſingle particle of 
ſulphur is united to 2 of dephlogiſticated 
air, being the quantity neceſſary to ſatu- 
ration. 1 ey. 

As 2 cubic inches of light inflammable 
air require but 1 of dephlogiſticated air to 
condenſe them, we muſt ſuppoſe that they 
contain equal number of diviſions, and that 
the difference ef their ſpecific gravity de- 


|  pends chiefly on the ſize of their ultimate 


particles; or we muſt ſuppoſe that the ulti- 
mate particles of light inflammable air re- 
quire 2 or 3, or more, of dephlogiſticated 
air to ſaturate them. If this latter were the 
caſe, we might produce water in an inter- 
mediate ſtate, as well as the vitriolic or the 
nitrous acid, which appears to be impoſſi- 
ble; for in whatever proportion we mix 
our airs, or under whatſoever circumſtance 
we combine them, the reſult is invariably 
the ſame. This likewiſe may be obſerved 
with reſpe& to the decompoſition of water. 
Hence we may juſtly conclude, that water 
is compoſed of molicules formed by the 
union of a ſingle particle of dephlogiſticated 
air to an ultimate particle of light inflam- 
mable air, and that they are incapable of 

D 3 uniting 
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uniting to a third particle of either of their 
conſtituent principles. The above notions 
of water and vitriolic acid being ſtrictly kept 
in view, let us now proceed to enquire into 
the nature of ſulphur and vitriolic acid, and 


their various effects on different bodies in 
the antiphlogiſtic doctrine. 

It has been already obſerved, that metals 
attract dephlogiſticated air with greater force 
than ſulphur, and that ſulphur attracts it 
with greater force than light inflammable 
air. It has likewiſe been obſerved, that 
vitriolic acid and water, mixed in a certain 
proportion, will calcine metals with greater 
facility than concentrated vitriolic acid, and 
that water will have very little effect on 
metals in a common temperature. Theſe 


facts, though they may appear contradictory 


in themſelves when ſlightly conſidered, may 
be accounted for on the following principles, 
and are, in my opinion, inexplicable by any 
other means whatever, 

Let us ſuppoſe iron or zinc to attract de- 
phlogiſticated air with the force of 7, ſul- 
phur to attract it with the force of 6+, and 
light inflammable air with the force of 63. 
Let us again ſuppoſe theſe to be the utmoſt 
forces that can ſubſiſt between particle and 
particle, That is to ſay, in water dephlo- 
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giſticated air is retained with the above force, 
and likewiſe in volatile vitriolic acid, with 
the force already mentioned. It is unne- 
ceſſary to introduce here the aggregate at- 
traction which frequently preſerves a neu- 
trality between bodies, as, for inſtance, be- 
tween water and zinc, or water and iron. 
Stating the attractive forces in the above 
proportion, which I am led to believe is Juſt, 
from facts already obſerved, we ſhould ima- 
gine that iron or zinc would calcine in water 
with greater facility than in vitriolic acid ; 
and if ſome other circumſtance did not inter- 
fere, it muſt be the caſe. This the follow- 
ing will in ſome degree illuſtrate. 

Let S be a particle of ſulphur, d a par- 
ticle of dephlogiſticated air, which it attracts 
with the force of 62, and let the compound 
be volatile ſulphureous acid; here the tie 
between 8 and d is greater by +, than that 
between the conſtituent principles of water, 
which is but 68. As the attraction of 
bodies is mutual, pL 
let us ſuppoſe 8 
to poſleſs one- 
half of this force, 
which is 3755 and 
this to be its utmoſt exertion, and likewiſe 4 


to poſſeſs the other half, which is 379 more, 
D 4 which 
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which will unite them with the above-men- 
tioned force. Let us ſuppoſe another par- 
ticle of dephlogiſticated air D to have a ten- 
dency to unite to 8, with the force of 325, 
in order to form perfect vitriolic acid: to 
receive D, 8 muſt relax its attraction for d 
one-half, That is, the force of 3+ will be 
divided and directed in two different points, 
which will reduce the attachment of de- 
phlogiſticated air and ſulphur in perfect vi- 
triolic acid to 575. 
In order to more perfectly underſtand this, 
let 8 be ſulphur, 4 D two different par- 
ticles of dephlogiſticated air united to it, 
with the different forces annexed to them, 
If D were taken of 
away, 8 and 4 5 
would attract one | 1 
another with the 8 9 —D 
force of 67, and when again reſtored would 
reduce this force to 5 c, and ſo alternately, 
This ſeems to be a general law, Mild, 
fixed, vegetable alkali will part with a por- 
tion of its fixable air in a moderate degree 


of heat, but requires a very intenſe heat to 


expel the whole. In like manner vitriolated 


tartar will conſolidate a portion of water 


during its cryſtallization ; in this ſtate it will 
melt in a degree of heat below ignition, and 
part 
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part with its water of fuſion, and "eyes 
in the ſame degree of heat. If the maſs be 
ignited, it will again fuſe, and continue part- 
ing with water for ſome time; and when 
the whole is expelled, though the fire be-on 
the increaſe, it will again conſolidate, and 
require a much ſtronger heat to fuſe it over 
again. Here we ſee that, in proportion as 
the alkali is deprived of a part of its fixed 
air, its power of retaining the remainder 1s 
redoubled, and that of the vitriolated tartar 
for water; for in the firſt fuſion it parts 
with a portion of its-water very readily, but 
during the ſecond fuſioa it parts with the 
remainder with difficulty, Here we find, 
notwithſtanding the volatility of water, the 
force of attraction ſubſiſting between it and 
the ſalt retains it until it is red hot; and how 
great theſe powers muſt be, when we conſider 
the mechanical force neceſſary to keep water 
in a condenſed ſtate, when ſimply expoſed 
to the ſame degree of heat ! I ſhall forbear 
mentioning ſeveral other circumſtances of 
the like nature : let it ſuffice to ſay, that this 
explains the neceſſity of raiſing the fire 

towards the end of all chemical proceſſes. 
The true ſtate of water and vitriolic acid 
being conſidered, when theſe fluids are mixed 
in different proportion, and then iron or 
ZING 
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zinc introfluced, what are we to expect will 
take place? Undoubtedly the following de- 
compoſitions. The iron will attack the de- 
phlogiſticated air of the vitriolic acid with 
the force of 7, which reſiſts but with the 
force of 575, in preference to the dephlo- 
giſticated air of the water, which reſiſts 
with the force of 63. We, are not to ſup- 
poſe that the metal will attract d, in pre- 
ference to D, but that it will influence them 
both equally alike; more eſpecially when it 
preſents ſurfaces enough. The ſulphur be- 
ing thus deſpoiled of its dephlogiſticated 
air, but ſtill preſerving its extreme diviſion, 
exerts the force of 6+ on the dephlogiſti- 
cated air of the water, which it readily gains 
as meeting but with the reſiſtance of 63, 
while the inflammable air is diſengaged. 
The phlogiſtians may object to this by ſay- 
ing, that ſulphur will not decompoſe water 
in the temperature of the above proceſs. I 
will join them in this opinion; but be it 
recollected that fuſed ſulphur, as already ob- 
ſerved, will decompoſe water when brought 
in contact with it in the ſtate of ſteam; 
and what promotes a decompoſition here, 
but the interpoſition of fire between the 
ultimate partieles of the ſulphur, whereby 
its aggregate attraction is removed? But, if 
this 


— 
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this does not interfere in a low temperature, 
which is the caſe after the. decompoſition of 
' vitriolic acid by metals, the decompoſition 
of water will take place the eaſier; for, 
though fire removes the chief obſtacle to 
the decompoſition, it interferes a little itſelf. 
The ultimate particles of ſulphur, when 
deprived of their dephlogiſticated air, can- 
not recover more of this from the water, 
than is neceſſary to the formation of volatile 
vitriolic acid, ſee 8 which being 
re: attracted by the calcined metal, acts as a 
ſolvent. | 
If concentrated vitriolic acid be uſed, the 
application of heat is neceſſary, and very 
little inflammable air is produced; but 
chiefly volatile vitriolic acid. The uſe of 
fire here is to remove the aggregate in- 
fluence of the vitriolic acid, as well as to 
weaken that of the iron ; both which cir- 
cumſtances favour the new union, or, as 
properly ſpeaking, facilitate the decompoſi- 
tion. When water is mixed with the vi- 
triolic acid, it interpoſes itſelf between its 
ſluggiſh particles, which puts. them beyond 
the ſphere of their mutual influence; and 
thereby, though it is attracted by the vi- 
triolie aeid, anſwers the ſame purpoſe that 


( 44 ) 
fire does; ſo that the ſolution goes on ra- 
pidly without the, application of heat. 

The volatile vitriolic acid diſengaged, and 
the ſmall quantity of inflammable air pro- 
duced, when concentrated vitriolic acid is 
uſed, may, I think, be very ſatisfactorily ac- 
counted for in the following manner. 

The firſt effort of the metal wholly de- 
prives the particles of vitriolic acid in con- 


tact with it of their dephlogiſticated air, and 


they inſtantly exert the force of 6+ on the 


dephlogiſticated air of the neighbouring in- 


decompoſed vitriolic acid, which can only 
reſiſt with the force of. 5:5: they will not 

take D and d from S, but D or d, which- 
ever happens to be moſt contiguous to them; 
therefore two portions of volatile vitriolic acid 
are formed. In order to render this the 
more intelligible, let 8 be an ultimate particle 
of ſulphur, recently deprived-of its dephlo- 
giſticated air, and ſtill poſſeſſed of the power 


of 67 to recover this again; and let 


| be a particle of vitriolic 

| 5 | acid in the vicinity of 8: 
S =D will not S take D or d from 
8? and will not the volatile compounds 


Nee D be formed? The 


latter will paſs off in an elaſtic ſtate, while 


the former, 8. d, being nigher the 
.metallic 
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metallic calx, is attracted by it. As the moſt 
concentrated vitriolic acid contains a por- 
tion of water, part of this likewiſe is decom- 
poſed ; hence ariſes the inflammable air. 
Let A be a particle of water, I and D its 
conſtituent principles ; I "Ep 

inflammable air, and D x 62 D 


dephlogiſticated air, com- 
bined with the force of 6+ ; if A ſhould be in- 
terpoſed between 8, and >< 


would not S the rather | 
deprive I of D, than S | 
wait the approach of D 


the vitriolic molicule which is beyond its 
reach? particularly when the above-men- 
tioned force of 8 is conſtantly riverted or 
levelled, if I may uſe the expreffion, towards 
dephlogiſticated air, in whatever compound, 
or in whatever ſtate it meets with it, unleſs 
ſome other power counteracts it; and what 
can this be, but the union of the ultimate 
particles of ſulphur to ſome other ſubſtance 
which attracts them more forcibly, or their 
own attachment to one another ſo as to form 
an aggregate ? neither of which circumſtances 
interferes here. In addition to the above 
explanation of the interference of the ſmall 
quantity of aqueous particles in concentrated 
vitriolic acid, TI need only ſay, that when 


this 


1 


this. acid is ſo diluted as to afford only in- 
flammable air, the particles of water, by ſur- 
rounding; theſe of the acid, or by the inter- 
mixture of their more numerous ſurfaces, 
are expoſed to the influence of the ſulphur, 
the inſtant it is deprived of its: dephlogiſti- 
_ cated air by the metal, and thereby prevent 
the formation of the volatile ſulphureous 
acid, marked S——— DD, while S———&g, 
which is neceſſary to ſolution, is conſtantly 
forming by the decompoſition of water. 
Thus the water, though it is decompoſed 
Itſelf, defends the vitriolic acid, whereby we 
obtain inflammable air in ſuch abundance. 
From what has been ſaid reſpecting the 
ſolution of metals in diluted vitriolic acid, 
we find that + more dephlogiſticated air 
ſhould be contained. in the metallic ſolution, 
than is neceſſary to the formation of perfect 
vitriolic acid. That is, it contains that por- 
tion which the ſulphur takes from the water, 
in addition to the quantity originally con- 
tained in the vitriolic acid ; which the fol- 
lowing circumſtances tend to corroborate. 
„Fixed vegetable alkali will decompoſe a 
ſolution of vitriol of iron, and form vi- 
triolated tartar, at the ſame time that the 


wi iron is diſengaged of a dirty bluiſh colour, | 
14 combined only with about + the portion of 
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dephlogiſticated air neceſſary for its thorough 
calcination, It could not receive this dephlo- 
giſticated air from the vitriolic acid, for this 
is united to the alkali in its perfect ſtate. See 
of otherwiſe we ſhould. 


F | have a compound re- 
x ſulting from an union 
D of the alkali to 84, 


which is called the ſulphurous ſalt of Stahl. 

If a ſaturated ſolution of martial vitriol be 
expoſed to dephlogiſticated air, a yellowiſh, 
calx is depoſited, and in time nearly the 
entire of the iron is brought to this ſtate. 
I frequently examined different calces of 
this ſort well waſhed with hot water, and 
found that ſome contained vitriolie acid, and 
that others did not. If the ſolution be ex- 
poſed to the air for a conſiderable time, it 
acquires an acid taſte by the liberation of a 
portion of the vitriolic acid. Fixable air will 
likewiſe decompoſe this martial ſolution, as 
ſhall hereafter appear. Perfect vitriolic acid 
will have no effect on the perfect calx of 
iron, but volatile 3 acid will par- 
tially diſſolve it. 

Theſe facts ſeem to dra and I 
think may be thus accounted for. Let I be 
iron; D dephlogiſticated air united with the 
force of 7; let us ſuppoſe D to be the 


quantity 
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quantity neceflary to ſaturate I, ſo as to 
form 4 perfect calx; let 'S be ſulphur, d 
dephlogiſticated air attached with the force 
of 67. Let us 
ſuppoſe S ts © 1 
have a teti- 

dency to unite 

to more de- 
phlogiſticated | 

air; and let us likewiſe ſuppoſe, which is 
well known to be the caſe, a ſmall attraction 
to exiſt between S and I. Let us ſtate the 
whole ſum of theſe forces between 8, D, and 
I, to be 2; which power, though it will 
not ſeparate I from D, or d from 5, yet is 
ſufficient to combine I D to S——d4 
when in contact, and when no other power 
is to counteract it. 

If the vitriolic ſolution above conſidered 
be expoſed to dephlogiſticated air, the fol- 
lowing decompoſition will take place, vix. 
another particle of dephlogiſticated air will 
unite to 8, which will countera& the at- 
traction of I——D for $S——4; therefore 
the ſeparate compounds I -D and 

D will be formed. For the 

_ attraction of d for 8, 

8 | which I have already 
. & ſtated to be 3re, is ſuf- 

| ficient 


| (49) . 

ficient to ſubdue the power of 2, which united 
I——D and 8— 4. In order to prove 
this more fully, let the ealx of iron r 
and perfect vitriolie acid 
be mixed; they will not _ 
unite ; for I being ſatu» n 
rated with D, can have na . 
effect on d D; and 8 in like „ 
ſaturated with d D, can have no effect on D. 
We are to conſider the particles of dephlo- 
giſticated air D D d to haye no ſenſible at- 
traction for one another; and likewiſe the 
attraction of d D to 8 to be ſuch as to more 
than counteract the attraction of 8 to I, 
For though 8 may be deprived of d. D by 
a force not much ſuperior to 55, yet it 
would require more than the force of 1074+, 
to ſeparate 8 from 4 D, provided the latter 
were not influenced. Hence ariſe ſeyeral * 
very important phenomena in chemiſtry, | 
which arrangement forbids me to introduce 
here ; and which, from their being little 
eee gave birth to the  phlogiſtic 


1 derber ſome iron nails, free from 
ruſt, into ſtrong volatile vitriolic acid; when 
it ſtood for a few minutes, it acquired a 
milky appearance, and the ſolution went on 
without ebullition or extrication of air. On . 
E. ſtanding 


LS M4 
ſtanding for a few hours, the ſolution ac- 
quired a darkiſh colour, and a black powder 
was precipitated. This powder, when col- 
lected and waſhed, put on red hot iron, 
burned partly like ſulphur, and partly like 
charcoal duſt, and the incombuſtible reſi- 
duum was of a purpliſh colour. The filtered 
ſolution was perfectly neutralized, and free 


from the leaſt ſulphurous pungency. Its 
taſte was ſtrongly chalybeat, but not ſo diſ- 
agreeable as that of the ſolution of iron in the 
perfect vitriolic acid, or in any of the mi- 
neral acids. 
Nitrous acid dropped into the ſolution 
inſtantly produced a cloudineſs, which im- 
mediately diſappeared without ebullition, 
though volatile ſulphureous acid was diſengag- 
ed in its utmoſt degree of pungency. The vi- 
triolic, marine, and acetous acids decompoſed 
this ſolution, but cauſed no turbidneſs, nor 
Fi was any inflammable air produced *. | 
I; In order to know whether the ſulphur 


I would beg leave to recommend a trial of this 
preparation of iron in diſorders that require the uſe of 
chalybeates ; but as this preſumption is rather founded 
on theory, I ſhall not take the liberty of ſaying any thing 
particular i in its favour, until experience enables me to 
urge it with confidence, 
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was diſengaged from the volatile ſulphureous 


acid or the iron, I poured marine acid on the 
fame nails, when light inflammable air and 
hepatic 'air were copiouſly produced, and 
likewiſe ſulphur was depoſited in its crude 
ſtate. When I uſed vitriolic or the nitrous 
acid, no ſulphur was produced. I tried dif- 
ferent nails, and likewiſe iron filings, with the 
ſame reſult. Theſe facts convinced me, 
that the ſulphur was ſeparated from the iron 
but that all ſorts of iron contain ſulphur is 
- what I cannot pretend to know, as I have 
not tried ſteel or varieties enough of malleable 
iron, However I have ſtrong reaſon to ſuſ- 

peR, that ſulphur has more to do in the dif- 
_ ferent properties of iron than we are aware 
of. That iron ſhould contain ſulphur, not- 
withſtanding the different proceſſes it muſt 
neceſſarily undergo before it acquires mallea- 
bility, conſidering the volatility of ſulphur, 
points out the force of their attraction to one 
another; and the ſeparation of this again by 
volatile ſulplurcoue acid, ſhews likewiſe the 
greater attraction of iron to ſulphur and 
dephlogiſticated air jointly, That volatile 
ſulphureous acid ſhould diſſolve iron without 
the extrication of inflammable air or phlo- 
giſton, is a very ſtrong inſtance of che 1 
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vitriolic acid is uſed. Let us even ſuppoſe 


40 


of the phlogiſtic dodtrine v. If volatile vi- 


triolic acid were a compound of phlogiſton, 
a certain baſis and dephlogiſticated air, a 
greater quantity of inflammable air ſhould 


have been diſengaged during the ſolution 


of iron in this acid than when the perfect 


volatile ſulphureous acid to be compoſed of 


the baſis of ſulphur, phlogiſton and dephlo- 


giſticated air, which is the opinion of all the 
phlogiſtians, though they differwith _— to 
the modification of theſe three principles; and, 

likewiſe, iron to be compoſed of a certain 
baſis and pblogiſton : I would aſk the phlo- 
giſtians what becomes of the phlogiſton of 


the iron during its ſolution ? They cannot 


ſay it is diſengaged in an aeri-form ſtate, for 
there is hardly any inflammable air produced. 
Therefore, all they can ſay is, that the phlo- 


giſton of the metal, and that of the volatile. 


vitriolic acid, are preſent in the ſolution ; but 


this contradicts their own principle, viz. that 


metals muſt loſe their phlogiſton, in order to 


* A ſmall quantity of inflammable air is produced, 
but it is ſo trifling, comparatively to what ſhould be 
produced Trom the quantity of iron dillolved, that it is 
hardly worth noticing, and, in my opinion, proceeds 
from a portion of perfect vitriolic acid, which is generally 
inſeparable from the volatile acid, 


4 become 
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become ſoluble in acids. What principle is 
there in volatile ſulphureous acid that can at- 
tract the phlogiſton of the iron? The de- 
phlogiſticated air cannot unite to it, as being 
already united with phlogiſton according to 
Mr. Kirwan. The baſis of ſulphur can 
have no influence over it, being united to 
phlogiſton and dephlogiſticated air; or, if 

even the baſis of ſulphur were to unite to the 
phlogiſton of the metal, it muſt have formed 
fulphur, which is in itſelf inſoluble, and in- 
capable of holding metals in ſolution. Be- 
ſides, if the quantity of phlogiſton they 
imagine be preſent in the ſolution, nitrous 
air ought to have been produced on the ad- 
dition of nitrous acid, or inflammable air on 
the addition of the marine acid; neither of 
which had been procured, though they diſ- 
placed the volatile vitriolic acid, and united 
to the iron. A ſolution of nitrated iron 
thus prepared, and completely freed from 
volatile fulphureous acid, will yield a more 
perfect calx than vitriolated iron, when both 
are precipitated by pure fixed vegetable al- 
kali. The nitre thus obtained will yield leſs 
dephlogiſticated air, and more phlogiſticated 
air, than the ſame quantity of common nitre, 
but in what proportion I cannot ſay, I am 
induced to ſuppoſe, that the difference of 
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purity is in proportion to-the quantity of 
dephlogiſticated air united to the precipitate. 
I am ſorry I have not an opportunity at 
preſent to aſcertain this, by a more accurate 
repetition of the experiment, 
The ſolution of a metal in an acid with- | 
out the production of inflammable air, and 
the decompoſition of this again by nitrous 
acid without the production of nitrous air, 
is very well worthy of attention z more 
eſpecially when we conſider that nitrous 
acid is always partly decampoſed during its 
union to metals in the common way. Surely 
theſe differences cannot ariſe from phlo- 
giſton ; for if ſuch a thing exiſted in metals, 
it would be as prevalent in the ſolution, 
when we know it did not make its eſcape, p 
and likewiſe when it is evident that there 
can be nothing to envelope or protect it, as 
when the metal is introduced in its ſimple 
ſtate into diluted nitrous acid. When I 
treat of nitrous acid, I ſhall have an oppor- 
tunity of reſuming the latter part of this. 
ſubject; and, as I have faid ſufficient - to 
anſwer my preſent purpoſe, I will poſtpone 
it until then. | 
The ſolution of iron in volatile vitriolic 
acid is quite clear, but when expoled to the 
air it acquires a brown colour in a very 
| little 


( 5s ) 
little time; indeed, the ſurface of the li- 
quor changes colour in a few minutes. I 
expoſed part of this ſolution to fixable air 
confined by mercury, and. the ſame change 
took place: fixable air and dephlogiſticated 

air mixed, affected this ſolution in a ſhorter 
time than either ſeparately, From the ef- 
fects of fixable air as well on this ſolution 
as on other preparations of iron, I am in- 
duced to ſuppoſe, that the brown colour of 

ruſt and of other calces of iron, is occaſioned 
chiefly by fixable air, 
I precipitated ſome iron from a common 
ſolution of martial vitrial, and waſhed it 
well, I put a part of this into perfect yi- 
triolic acid, and another portion into the 
yolatile vitriolic acid; they ſeemed very 
quieſcent, and no ſotutiop appeared to take 
place. I cloſed both up very tight in two 
. vials, and laid them by for two or three days, 
when almoſt all the iron was taken up. 
I filtered both ſolutions, and into the vol. 
vit. ſolution gradually dropped aerated vola- 
tile alkali, which threw down a bluiſh pre- 
cipitate. Aerated vclatile alkali, dropped 
into the other ſolution, diſengaged a brown 
precipitate, which was inſtantly re-difſolved. 
I continued dropping in the alkali until the 


ſolution was ſaturated, when an orange-co- 
E 4 loured 
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Jouted pretipitate was obtained; very little 
fixable air was produced, until the ſolution 
was nearly ſaturated, I think we may at- 
tribute the  re-diflplition of the precipitate to 
fixable air : for the ſolution having a ſuper- 
abundance of vitriolic acid in it, the aerial 
acid was more copiouſly liberated than if it 
had been a ſaturated ſolution ; fo that the 
diſengaged calx was fo much the better ſup. | 
plied with this ſolvent. Mild, fixed, vege- 

table alkali precipitated the iron from the 
vol. ſulp. acid of a darkiſh blue colour; it 
likewiſe precipitated the above folutiva of 
perfect vitriolic acid of the ſame colour, 
Why was not the iron precipitated by the 
volatile alkali from both ſolutions of the 
ſame colour? Or why did not the mild fixed 
_ alkah precipitate as perfect a calx from the 
latter ſolution as the volatile alkali did? Or 
why did not the aerial acid diſſolve the precipi- 
tate from the volatile acid, ſo well as it did 
that from the perfect acid? And laſtly, why 
was not inflammable air diſengaged during 
the ſolution of the iron in the above acids ? 
If the precipitate of iron from the vitriolic 
acid by fixed alkali be dried or expoſed to 
air for ſome time, the vitriolic acid will only 
take up a ſmall portion of it, for the moſt 

e part is left Donne” 4 


Hence 
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Hence we find, that a precipitate procured | 
from a folution of iron in perfect vitriolie 
my diſſolves as well ip diluted vitriolic acid, 
as in the volatile vitriolic acid, without the 
produAion of inflammable air, though it is 
but + calcined, or in other words, dephlo- 
oiſticated. Why is not at leaft one-half the 
quantity of inflammable air, or phlogiſton, 
diſengaged here, that is ſeparated during the 
ſolution of ſimple iron in vitriolic acid? 1 
think this is not conſiſtently explicable in 
the phlogiſtic doctrine; at the ſame time 
that it is not only explicible in the anti- 
phlegiſtic theory, but likewiſe tends to prove 
the non- exiſtence of phlogiſton in iron, and 
to corroborate what has been already ad- 
yanced are to may rags. of men in 
vitriolic acid. | 
It has been Ay obſerved; that fixed 
vegetable alkali precipitates iron from the 
vitriolic acid, and that perfect vittiolated 
tartar is obtained, though the iron is found 
to be partly calcined. Therefore it ap- 
peared,” that the water furniſhed” the de- 
phlogifticated air, and that the iron con- 
tained only that portion which it received 
from the water. It has likewife been ob- 
ſerved, chat this portion of dephlogiſticated 
air, in addition to that contained in perfect 
vitriolic 
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vitriolic 4 is the greateſt quantity chat 
can be retained in the ſolution of iron, and 


that more dephlogiſticated air will decompoſe 
it. But it has been ſhewn, that volatile 
ſulphureous acid will diffolve iron without 
the extrication of inflammable air, and that 
the ſolution contains but + the portion of 
dephlogiſticated air contained in the ſo- 
lation of iron in perfect vitriolic acid. This 
ſhews, though a ſmall quantity of dephlo- 
giſticated air will promote the union and 
ſolubility of iron and ſulphur, that more 
will do it better; but that a larger quantity 
will ſeparate them. Then, if this calx of 
iron contains only that portion of dephlo- 
giſticated air taken from the water, and if 
this, in addition to the quantity contained in 
perfect vitriolic acid, be the quantum ſiſſicit 
for holding iron in ſolution; no wonder 
that the union ſhould take place without the 
production of inflammable air, if this be 
diſengaged by the decompoſition of water; 
but if diſengaged from the iron, it is as re- 
| markable we ſhould not obtain it. If a 
larger quantity of dephlogiſticated air were 
united to the above calx, it would then be, 
as already explained, inſoluble in perfect vi- 
triolic Ch on the ſame principle that a ſo- 
lution 
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lution of martial vitriol is decompoſed when 


expoſed to air, 


It may appear extraordinary that in- 
flammable air is not produced during the 


ſolution of iron in volatile vitriolic acid, at 
the ſame time that it is ſo copiouſly diſ- 
engaged during its ſolution in perfect vi- 
triolic acid. This, I confeſs, puzzled me 
for ſome time before I could account for it. 
I think it is demonſtrable in the following 


vitriolic- acid: let us ſuppoſe I to attract 
dephlogiſticated air with the force of 7. and 
8, from its divided attachment, to retain its 
dephlogiſticated air with the force of 5 r, as 
uſual; and let us likewiſe ſuppoſe iron, from 
the doſenels of its texture, to preſent | a 
greater number of 1 
ultimate particles 


to a given ſurface » „„ 
than the vitriolic N . 
acid, particularly m 

than the dilute vi- . | 


triolic acid from the interpoſition of water. 
| Let 


be brought within one | another's influence 
under theſe circumſtances, and I will take 
D from 8; or 8, in conſequence of its at» 
traction for I, which is but very ſmall, com- 
paratively to the oppoſite powers, will be 
forced along with D d. This latter is not 
likely to take place; for the force of 7, 
exerted at once by a number of the martial 
particles on D 4, ſuddenly fnatches them as 
it were from S, which cannot move with 
the ſame pace towards I; becauſe, being in 
contact with water, it exerts its whole force 
on that compapnd. Therefore -it is the 
violence and ſuddenneſs of the pull from 
the metal, and the velocity of the motion of 
D d towards it, that leaves 8 ſo circum- 
ſtanced as to be able to decompoſe water in 
the manner already deſcribed. 
he contrary takes place during the ſolu- 
tion of iron in volatile ſulphureous acid; 
for thou gh the iron attracts the dephlo- 
giſticated air of the volatile vitriolic acid 
with on force of 7˙ it meets with the re- 
I is ſiſtance 


, as before de 


pany Pedat iber k TY or force 
does not . bere, as when pa, vi- 
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; uſed. See 


wholic acid is 
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Indeed, e inequality of 
force between 8 and I for d, 8, from its at» 
traction to d, and its tendency to I, would 
move with d towards I, and form the com- 
pound of 8 ——＋œ＋, already de- 
ſcribed. Let 8 attract d with the force of 
64: let I attract d with the force of 7, and 
let I attract 8 with the force of + only; the 
attachment of S to d, and likewiſe its ten- 
n r There- 


F-2k the force of 7. | 


ſubfiſting between I and d, will influence 8 
and d equally the ſame; ſo chat S and d will 
move with equal pace to unite to I. Hence 
no decompoſition takes place, and of courſe 
no inflammable air is produced. Theſe two 
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important facts do not only throw mtitual 


light upon one another, but likewiſe upon 
ſeveral abſtruſe phenomena in chemiſtry. 
Sulphur, in its ſimple ſtate, will unite to 


molly all the ſubſtances that vitriolic acid 
will. It unites to all the earths (the filiceous 


excepted), to the alkalies, to the metals (a 


few excepted), and likewiſe to the oils. The 


union of ſulphur to the firſt claſs of theſe 
does not throw much light on its nature, as 


We are as yet unacquainted with their con- 
ſtituent principles. 2 | 
The union of ſulphur and volatile Aan 


5 ie of much more ſpeculation than the 


former ſubſtances. It is now very well 
known, from the experiments of Mr. Ber- 
thollet and Doctor Auſtin, that volatile al- 
kali is compoſed of phlogiſticated air and 
light inflammable air. Sulphur will not 


chemically unite to inflammable air fo as to 


conſolidate it; though, as I ſhall hereafter 
be obliged to obſerve, it enables ſulphur to 


combine with fire, and acquire an elaſtic 


ſtate, whereby they are both held in ſolu- 
tion, as ſugar or Glauber ſalt is in water. 
Therefore, if ſulphur be a compound of a 
certain baſis and phlogiſton, this baſis muſt 
be fully faturated with phlogiſton. It is 
not certain that volatile alkali will unite to 

any 
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any more cht inflammable air than it is 
known to contain in its ordinary ſtate, fo 
that we muſt conſider this likewiſe to be ſa- 
turated with light inflammable air or phlo- 
giſton. Then, how can © theſe ſubſtances 
unite, when their baſes are already attached 
and faturated with that to which they have 
greater affinity, than they have to one 
another? Should not the ſame inertion pre- 
vail here, as when. the perfect calx of iron is 
mixed with the perfect vitriolic acid; or 
when Glauber's ſalt is mixed with vitriolated . 
tartar ; or when ſelenite and baroſelenite; or 
vitriol of zinc and vitriol of iron are mixed? 
Do not like theſe, ſubſtances of the ſame kind, 
and which have no ſenſible influence on one 
another, interfere between volatile alkali and 
fulphur? The ſame may be obſerved with 
reſpect to the union of ſulphur to metals and 
oils. 
Ihe effects of oils on vitriolic acid cor- 
reſpond with the foregoing explanations. 
A ſmall quantity of oil, or any other vege- 
table or animal ſubſtance that attracts de- 
phlogiſticated air, or, in other words, that is 
combuſtible, will partly decompoſe vitriolic 
acid, and diſcolour a large quantity. Vi- 
triolic acid thus coloured, expoſed to. a 
ſtrong heat, will emit- volatile vitriolic acid 


in 


6) 
in great abundance, and hkewiſe fixable air, 
until it acquires: its former tranſparency. 
Vitriolic acid, poured: in ſmall proportion on 
a" large quantity of oil, will turn it to a 
darkiſh brown colour. This expoſed to 
heat will yield fixable air and volatile vi- 
triolic acid, with a ſmall quantity of phlo- 
giſticated and heavy inflammable air; and, 
if the charge be urged with a tolerable 
ſtrong heat, a ſmall quantity of ſulphur may 
be produced. Hence we may infer, that 
the acid is only deprived of a portion of its 
dephlogiſticated air, Animal and vegetable 
inflammable bodies have certainly ſtronger 
aſſinity to dephlogiſticated air than iron has, 
though they will not readily unite under 
any circumſtance below the temperature of 
ignition. Oils, animal or vegetable, pro- 
vided they be free from volatile alkali, will 
Not mix or unite with water in a common 
temperature, but when diffuſed with it by 
agitation will aſſume a globular figure, and 
inſtantly ſeparate from it again on ſtanding: 
here the repulſive force between oil and 
water is evident. If oil and-water be boiled 
under the common preſſure of the atmo- 
ſphere, no decompoſition will take place; 
but if water be gradually dropped into boil- 
* inflammable air will be pro- 


duced, 


2] (6) 
danced, as has been firſt obſerved by Mr. 
Lavoiſier. The joint action of air and 
water can have no great effect on theſe, 
and if any at all, it muſt be in a great 
length of time. Suet and butter are not 
decompoſed by. water alone; for I can af- 
firm, that I have been preſent when a ſmall 
tub of butter had been taken from under 
ground at leaſt three feet deep, and which, 
from the ſituation of the ſoil and the decay 
of the wood, muſt have lain there for up- 
wards of fifty years. It was ſurrounded 
with water, for it lay in a marſhy ſoil. It 
had a diſagreeable taſte, and a ſpongy white 
appearance, but did not ſeem much changed 
in its chemical properties. From theſe, 
and fimilar facts too tedious to mention, 
we ſee the difficulty of uniting oils, butter, 
tallow, and charcoal to dephlogiſticated air 
in a common temperature, In my opinion, 
as I have heretofore conjectured, theſe are 
protected from the action of air and water 
by ſome repelling fluid that ſurrounds their 
ultimate particles, independent of common 
fire, and which they are deſtitute of while 
enveloped in their reſpective kingdoms. 
For all animal and vegetable organic bodies 
F which 
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which contain theſe, are readily Jonaipens | 
by expoſure to * — UNE; or to witer 
alone. 87 

Conſidering these Seat db * can- 
not be ſuppoſed that water ſhould be de- 
compoſed, and inffammable air diſengaged 
during the commixture of diluted vitriolic 
acid and oils, © This reluctance oils have to 
unite to dephlogiſticated air in a low tem · 
perature, in addition to their attraction for 

ſulphur, oppoſes that ſudden decompoſition 
of vitriolic acid, or rapid ſeparation of de- 
Phlogiſticated air from the ſulphur, by 
which, as in the inſtance of the ſolution of 
iron in diluted vittiolic acid, it is enabled to 
decompoſe the water. 

When vitriolic acid, whether diluted or 
not, is mixed with oil, an ultimate particle 
of vitriclic cid influences with a certain 
force an ultimate particle of oil, while the 
latter attracts tlie vitriolic with the fame 
force. The oil will not take D 4 from 8: 


but from-the Joint at- 8 


traction 
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tration of 8. 04H to oil, they 
will approach with equal pace, and com- 

bine. Thus this mixture more than me- 
 ehanically, but not quite chemically united, 
may be reſolved into the different fluids 
mentioned above. The particle of oil will 
retain D or d, and form fixable air; at the 


ſame time that 8 will retain d or D with 
its Full force, and form ny vitriolic 
acid. 


| Volatile vitriglic ad is not fo readily 
decompoſed by oils as perfect vitriolic acid, 
from. the retention of its dephlogiſticated 
air with ſo much the greater force. There- 
fore volatile vitriolic acid has not the pro- 
perty of charing oils as common vitriolic 
acid has, but it mixes with them, and 
forms a whitiſh or a ſaponaceous · like ſub- 
ſtance. 
What has been ſaid above, might be 
very well illuſtrated by minutely deſcribing 
the various phenomena attending the dif- 
ferent ſtages of that beautiful proceſs of 
making vitriolic ether. 

Here the vitriolic acid retains the oleagi- 
nous and aqueous part of the ſpirit of wiae, 
while the moſt volatile part paſſes over in 
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the ſtate of ether, the nature of which can- 
not be diſcuſſed here. Ether of my own 
making, and which I carefully rectified 


from deliquiated fixed vegetable alkali, ex- 


poſed to ſpontaneous evaporation, in the 
temperature of 37 or 40% of Fahrenheit's 
thermometer, left a ſmall reſiduum of oil, 
water, and vitriolic acid. The quantity of 
vitriolic acid was fo ſmall, that I could 
only detect it by acetated barytes. How- 
ever, it ſhews that vitriolic acid enters into 


the conſtitution of vitriolic ether. A por- 


tion of the ſame ether left no reſiduum in 
the temperature of 600. A ſolution of 
terra ponderoſa ſhewed no appearance of 


vitriolic acid in this ether. It appears to 


me, that ether is to light inflammable air, 
what the groſſer oils are to the heavy 
which is favourable to the explanation of 
fermentation, &c, 
Charcoal or vils will ey decompoſe 
vitriolic acid when combined with fixed 
alkalies, and expoſed to heat. Two cir- 
cumſtances favour this decompoſition: 


1ſt, The attraction of the inflammable 
matter for D d. zdly, That of S for the 
| alkalies. NAS of ſulphur expoſed to the 


atmoſphere, 


. © 
atmoſphere, or to dephlogiſticated air in 
cloſe veſſels, will attract the latter, and 
form vitriolated tartar; though ſulphur 
alone will have no effect on dephlogiſticated 
air, nor will alkalies in their fimple ſtate 
unite to it. On reflection, theſe circum- 
ſtances appear very ſingular; but if we 
conſider that the ſulphur is united to the 
| alkali in its extreme diviſion, and that its 
attraction to dephlogiſticated air is ſtronger 
than its attachment to the alkali, and like- 
wiſe that the attraction of alkalies for vi- 
triolic acid is greater than their attraction 
to ſulphur, we may eaſily account for all 
this. The ſulphureous falt of Stahl expo- 
ſed to air, will unite to the dephlogiſticated 
part, and form a perfect vitriolic falt ; 
though volatile vitriolic acid in its ſimple 
ſtate will not readily unite to dephlogiſti- 
cated air, Theſe facts clearly demonſtrate, 
why alkalies take vitriolic acid in its perfect : 
ſtate from iron, at the ſame time that it is 
thrown down in a ſemi-calcined ſtate; for, 
as I have before endeavoured to ſhew, the 
iron takes D 4 from 8, by its ſuperior 
attraction to dephlogiſticated air, at the 
ſame time that S takes 4 from the water; 
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or the calx of iron in ſolution; from which 
circumſtance we might imagine, that - 


8 d, or the volatile vitriolic acid, 
ſhould unite to the alkali, and form the | 


"TY T2 


ſulphureous falt of Stahl, and that the 1 iron 


ſhould be precipitated in a more calciform 
| Nate, that is, united with D=———g, or 


double the quantity of dephlogiſticated air 
which the precipitate generally contains. But 
finding that S 4, or volatile vitriolic 
acid united to alkalies or earths, attracts 
dephlogiſticated air with greater force than 
when in its ſimple ſtate, we can eaſily ex 
plain why the contrary takes place. 
Sulphur partly acquires an aeriform ſtate, 


when diſengaged from the different hepars 


by acids, Liver of ſulphur in its dry ſtate 


is quite inodorous; but when moiſtened 
with water, it emits a ſtrong hepatic ſmell, 


as Mr. Gengembre has obſerved. From 
this effect of water on liver of ſulphur it is 
evident, that it promotes the diſunion and 

7 | If vola- 
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volatilization of a portion of the ſulphur; 
but on what principle is not well under- - 
ſtood, If this ſhould take place in conſe- 
quence of a decompoſition of water, vi- 
triolie acid ought to be formed, and of 
courſe vitriolated tartar; but it has not 
been found, to my knowledge, that liver of 
ſulphur, either earthy or alkaline, has ever 
been vitriolated by the decompoſition of 
water alone, but always requires the acceſs 
of air x. However, as the hepatic ſmell, 
or emiſſion of the gas, is moſt predominant 
when only a ſmall quantity of moiſture is 
uſed, and on its firſt application, it may 
be faid, that the dry hepatic compound 
has only then the power of decompoſing + 
water, and that the continuance” of the 
ſmell is occafioned by a portion. of the gas 
remaining in the compound from the diffi- 
culty of its expulſion. Iron filings will 
unite to ſulphur in a moderate degree of 


* Since the above was written, Dr. Auſtin informed 
me, that liver of ſulphur will not afford an hepatic 
odour when wetted in cloſe veſſels, and confined in mer- 
cury. It ſeems he has made ſeveral experiments on 
liver of ſulphur, which he has given to the Royal So- 
ciety. SEAL 

F 4 heat, 
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heat, and fond a black brittle maſs, which 
on the addition of an acid will yield he- 
patic air in the utmoſt purity, and in great 
abundance, though it will not produce an 
hepatic ſmell when moiſtened with water, 
as calcar. pond. or alkaline livers of ſul- 
phur will. This ſhews the greater at- 
traction of alkalies and ſulphur jointly to 
dephlogiſticated air than that of iron and 
ſulphur, and likewiſe tends to prove what 
has been already ſaid. on wo EE | 
of iron by alkalies. 

Dr. Auſtin has paſſed the ele@ric frat 
' repeatedly in hepatic air, and by that means 
precipitated all the ſulphur without. chang- 
ing its dimenſions. The reſiduary air was 
incondenfible by water, and when waſhed 
bad no hepatic ſmell. On burning this 
with dephlogiſticated air, it appeared to be 
light inflammable air. This ſhews the 
conſtituent principles of hepatic gas, better 
than any other experiment that has hitherto 
been made on the ſubjet. That ſulphur 
is ſuſpended in its natural ſtate in light in- 
flammable air, may be inferred from the 
above. experiment; but whether in its ex- 
treme diviſion is difficult to determine; or 

| whether 
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| n it be chemically united to the in- 
flammable air, or combined independently 
with its own atmoſpheres of fire, and me- 
chanically mixed with this, cannot be ſa- 
tisfactorily proved. In my opinion it is 
mere ſolution, ſuch as takes place between 
the neutral ſalts and water, or the alkalies 
and water, or ſugar and water, &c. Though 
the facility whereby this is decompoſed 
favours the above hypotheſis, yet there are 
circumſtances that are apparently againſt it 
ſuch as their united condenſation in water, 
and their joint expulſion from it again. | 
Upon what principle this attraction exiſts. 
between bodies, has not yet been explained, 
or the difference between this and a che- 
mical union ever defined. It appears to 
me that ſolution, that power whereby water 
diſſolves aerial acid, alkaline air, vitriolic 
acid air; and that power whereby light in- 
flammable air diſſolves ſulphur and phoſ- 
phorus ; and likewiſe that power whereby 
all the acriform fluids diſſolve water in their 
elaſtic ſtate ; and laſtly, whereby water diſ- 
ſolves the neutral ſalts, &c. without chang- 
ing their properties, is occaſioned by a ſort 
of intermediate attraction, not differing from 
chemical 
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| chemical attraction but in its degree of 


force, and not at all different from that” 


power whereby the heavenly bodies in 


fluence one another. | 
Dr. Auſtin fuſed ſulphur in light in- 


flammable air, in phlogiſticated air, and in 


heavy inflammable air. The two former 
airs were not in the leaſt altered; but the 
latter afforded one-third its original bulk of 
hepatic gas. It is remarkable, that the 


bulk of the air was not in the leaſt al- 


tered in this proceſs ; and likewiſe that the 
reſiduary air, when the hepatic air was ſe- 
parated from it by water, ſhould not ap- 
pear in the leaſt changed; for by inflaming 
it with a due proportion of dephlogiſticated 


air, it yielded the ufual quantities of fixed 


and phlogiſticated air, The ſulphur ac- 
quired a coally appearance in this opera- 
tion; which induces me to ſuppoſe that it 
muſt have precipitated ſomething from the 
air, the loſs of which enabled the inflam- 
mable air to take ſulphur in exchange. 
The ſame philoſopher paſſed the electrie 
ſpark repeatedly in heavy inflammable air, 
until it increaſed nearly one-half in bulk; 
this he Tn with dephlogiſticated air 
over 


. 


over merke y by the electric ſpark. He 

likewiſe inflamed” the ſame quantity of 
heavy inflammable air, not treated by the 
electric ſpark. By ſeveral” repetitions of 
the above experiments, and from an ac- 
curate compariſon of their reſpective reſi- 
duums, he found that there was lefs fixable 
air, and a latger quantity of phlogiſticated 
air in the former than in the latter; from 
which he concluded that heavy inflam- 
mable air is phlogiſticated and light in- 
flammable air, and that fixable air is com- 
poſed of theſe two and dephlogiſticated 
air. He likewiſe concluded, and juſtly, 
from the increaſe of bulk, and the ſmall 
quantity of the heavy inflammable air that 
was decompoſed, that if the entire were 
decompoſed it would increaſe ten times its 
bulk. The converſion of heavy inflam- 
- mable air into hepatic air without increaſe 
of bulk, and without any change in the 
refiduary air, does not favour the above 
hypotheſis: iſt, Becauſe, as has appeared, 
and as ſhall be hereafter confirmed, light 
inflammable air is held in hepatic gas at 
its full extent. 2dly, Becauſe the decom- 
poſed air ſhould increaſe ten times in bulk. 
N 3dly, Be- 
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2dly, Becauſe: no increaſe of phlogiſticated 
air was found in the reſiduary air. 
However, the Doctor ſuppoſes that vola- 
tle alkali is formed, whereby a portion of 
the inflammable air. and the entire of the 
phlogiſticated air, remain united. Volatile 
| alkali contains not much more by meaſure 
than four of inflammable to one of phlo- 
diſticated air; therefore the decompoſed 
air ſhould ſtill increaſe ſix times its bulk. 
Beſides, as this experiment was performed 
in dry mercury, the volatile alkali itſelf 

ſhould remain in an elaſtic ſtate. | 
As the Doctor intends to favour the 
public with theſe experiments, I ſhall not 
| preſume to ſay much on the ſubject. That 
heavy inflammable air contains light in- 
flammable air, is certain from the forma- 
tion of hepatic gas, as well as from its ex- 
panſion by the electric ſpark ; but I cannot 
avoid entertaining a doubt, whether the real 
matter of inflammable air with which de- 
phlogiſticated air forms fixable air, and 
which does not in the leaſt differ from the 
ultimate particles of charcoal, be compoſed 
| of 4: inflammable air and phlogiſticated 
Indeed, conſidering that theſe are the 
conſtituent 


19 

conſtituent principles of volatile eee it 
appears rather improbable. 

It ſeemed to me, for I was » preſent; FOR 
ſomething was -precipitated from the air by 
the electric ſpark ; for the lower part of 
the glaſs tube appeared black, while the 
tides ſeemed lined with a greyiſh ſubſtance. 
It likewiſe appeared to me, after the air 
acquired the expanſion already mention- 
ed, that a contraction took place by con- 
tinuing the electric ſpark. This at leaſt 
1 can fay with truth, that one hundred 
ſparks at one time contracted it nearly 
one meaſure in eight or nine; but how 
much more it would ' diminiſh by con- 
tinuing the operation, I cannot tell. I am 
almoſt perſuaded to think, that the matter 
of charcoal in its extreme diviſion, held in 
ſolution in light inflammable air and water, 
and combined with fire, conſtitutes' the 
heavy inflammable air, on the ſame prin- 
ciple that ſulphur and light inflammable 
air conſtitute hepatic gas; with this dif- 
ference only, that the former gravitate more 
towards each other, which cauſes a greater 
condenſation of the light inflammable air 
in the heavy than in hepatic gas, and of 
courſe 


e | 
courſe; a greater difficulty of docampobiog. | 


it. Such likewiſe is the nature of phoſ- 
7's phoric air, as has been obſerved by. Mr. 
Gengembre, who I find, although I have 
not ſeen his analyſis, has paid vaſt attention 
to this ſubject. Fire, it is true, is the firft 
ſalvent in nature; next to this comes 
water; and next to this again light in- 
flammable air, whether in its aerial or con- 
denſed ſtate, ſuch as in ethers and ſpirits. 
Jo this property of light inflammable aig, 

attribute partly the ſpirituous fermenta- 
tion, and chiefly the reſult. From theſe, 
and other ſimilar circumſtances, my doubts 
-ariſe reſpecting the conſtituent principles 
of the heavy inflammable air, although 
experience convinces me that it contains a 
mall quantity of phlogiſticated air. Thus 
far I have ventured to treſpaſs upon the 
| patience of my reader, thinking that the 
heavy inflammable air may tend to caſt 
. light on the nature of hepatic gas, and 
vice verjd. t 
1 mixed equal parts of hepatic ait pro- 
duced from iron filings and ſulphur, and 
dephlogiſticated air obtained from nitre. 
Seven meaſures of the former were ab- 


ſorbed 
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ſorbed by water all to a ſmall bubble, and 
the latter contained only one- tenth of 
phlogiſticated air. Nine meaſures of this 
mixture were teduced by the electric 
{park to . 25.5 the nitrated ſolution of 
terra ponderoſa condenſed theſe to one- 
_ twelfth. of a meaſure or leſs ; and the ſolu- 
tion did not appear in the leaſt turbid, nor 
did any cloudineſs take place on the addi - 
tion of lime water. The reſiduum left un- 
abſorbed was too ſmall to be examined ; 
but the portion condenſed by the ſolution 
ſeemed by the ſmell to be volatile vitriolie 
acid. In order to be convinced of this, 
1 inflamed another charge of the ſame 1 
and transferred the reſiduum into a clean 
jar, which the ſulphur depoſited on the 
ſides of the inflaming jar obliged me to do. 
To this I added an equal bulk of hepatic 
air, which inſtantly rendered it turbid, and 
reduced it to one-third,.or a little more. 
This aſſured me that the reſiduum was 
volatile ſulphureous acid, and likewiſe that 
volatile ſulphureous acid will not decom- 
poſe nitrated terra ponderoſa. 
This experiment not only proves the 
eqnſhituent principles of hepatic gas, but 
abſolutely 
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abſolotely- proves what 1 have advanced 


reſpecting the proportion of the principles 


of volatile vitriolic acid. It has been 


ſhewn by Dr. Auſtin, that the ſolution 


of ſulphur in light inflammable air, nei- 


ther contracts nor expands it; therefore 
the above charge contained 4+ meaſures of 
light inflammable air, independent of the 
ſuſpended ſulphur. Theſe 4+ ounce mea- 
ſures of light inflammable air, require at 
leaſt 2 of dephlogiſticated air to condenſe 
them. 24 meaſures more were expended 


in the experiment, two of which muſt be 


contained in the volatile vitriolic acid; and 
as the moſt part of the phlogiſticated air 


diſappeared, we may juſtly. conclude, that 
the remainder. of the dephlogiſticated air, 
which is but one-fourth of a meaſure, was 


expended in the formation of nitrous acid. 
Hence we may conclude, that the two 
meaſures of volatile vitriolic acid contained 
two - meaſures of dephlogiſticated air; and 


as the ſpecific gravity of volatile vitriolic 


acid, excluding the inflammable air, is the 
mathematical main of the two fluids, we 


muſt ſuppoſe that only the ſulphur of two 


meaſures 


meaſures united to dephlogiſticated air, and 
that the ſulphur of 23 meaſures was pre- 
cipitated. Hence likewiſe we may infer, 
that the molicules of volatile vitriolic acid 
are ſurrounded. with as large atmoſpheres 
of fire as the particles of dephlogiſticated 
air, or at leaſt that they are as far aſunder; 
and that the number of the ultimate par- 

ticles of ſulphur in hepatic gas, are to 
thoſe of the inflammable air as nine to 
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SECTION IV. 
Of Nitrous Acid. me 


10 ſubject in chemiſtry, until the de- 
ciſive experiment of Mr. Cavendiſh, 
favoured the phlogiſtic doctrine more than 
the nitrous acid, from the —_— of its 
modifications. N 

The large quantity of dephlogiſticated 
air contained in this acid, and condenſed 
by ſo ſmall a portion of phlogiſticated air, 
is very well worthy the attention of ſpecu- 
lative men, at the ſame time that it enables 
us to account for the eaſy decompoſition 
(more eſpecially in part) of this acid; where- 
by it aſſumes the different appearances ob- 
ſervable from the ſtate of dephlogiſticated 
nitrous air, down to the moſt perfect ſtate 
of colourleſs nitrous acid. It is not an 
eaſy matter to aſcertain exactly the greateſt 
quantity of dephlogiſticated air, that a 
given quantity of nitrous acid may contain. 

TI always found nitre to vary in its product 


49 
of phlogiſticated and dephlogiſticated alr, 
and "likewiſe in their proportion to one 
another, The pureſt nitre will yicld, about 
the middle of the proceſs, dephlogiſticated 
air ſo pure as to contain but about one- 
thirteenth only of phlogiſticated air. In 
the beginning, and nearly at the latter end 
of the proceſs, air will be produced about 
twice better than common air. I mixed 
the different products of a quantity of pure 
nitre, and found by expoſure to liver of 
ſulphur that one- ſixth was left unabſorbed. 
This was the utmoſt degree of purity in 
which I obtained dephlogiſticated air from 
nitre. 

Abvroiding to Mr. Lavotfier, 100 grains 
of nitrous acid contain 794 of dephlogiſti- 
cated air, and 20: of phlogiſticated air, 
which is not quite four to one. But his 
experiments contradict this ; for whatever 
mode he adopted to decompoſe nſitrous | 
acid, it appeared that the proportion- of 
dephlogiſticated air was nearly as five, to 
one of phlogiſticated air. 

Mr, Cavendiſh has proved, that nitrous 
acid may be formed by taking the electric 


ſpark in a mixture of three parts of phlo- 
„ ploy 
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giſticated air, and ſeven of dephlogifticated 


air, which is but + more of dephlogiſticated 
air than nitrous air contains. This may 
apparently contradict Mr. Lavoiſier's as 
well as my own eſtimation” of the propor- 


tion of the conſtituent principles of nitrous 


acid when in its perfect ſtate, _ 
The red nitrous vapour contains three 


parts of nitrous air and one of dephlo- 


giſticated air, or one of phlogiſticated and 
three of dephlogiſticated air; but nitrous 
vapour may be formed with a leſs propor- 
tion of dephlogiſticated air, and which, 
though it may not be ſo condenſible as a 
more perfect nitrous vapour, yet will, when 
in contact with pure alkali, unite to it and 
form nitre, as was the caſe in the experi- 
ment of Mr. Cavendiſh. 

The common ſtraw- coloured nitrous acid 
contains more dephlogiſticated air than the 


red nitrous acid or vapour; the proportion 


appears to be four to one; but the colour- 
leſs contains about five of dephlogiſticated 


to one of phlogiſticated air. 


Having once. a charge of nitre ad Vi= 
triolic. acid in a green glaſs retort, 'I placed 
it in a ee to diſtil; but the pot being 

mall, 
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ſmall, the edge came too near the retort, 
about a quarter of an inch or more above 
the charge, which before the proceſs com- 
menced, and when it acquired more than 
the heat of boiling water, cracked it all 
round in that direction. Being thus ſituated 
I was. obliged to withdraw the fire, and, 
before the charge got cold, to ladle it into 
an earthen pan. I again introduced it into 
a freſh retort, and obtained from it ni- 
trous acid nearly as colourleſs as water. 
As the vitriolic acid was not very perfect, 
I attributed the goodneſs of the nitrous 
acid to the purity of the nitre. Therefore 
I procured more of the ſame nitre in order 
to lay in a ſtock of nitrous acid; but to 
my ſurpriſe, though T uſed purer vitriolic 
acid than in the former proceſs, my pro- 
duct of nitrous acid was of an high ſtraw 
colour. Some months after, having an oc- 
caſion for more nitrous acid, and recolle&- 
ing the above circumſtance, I mixed the 
vitriolic acid and nitre in due proportion, 
and expoſed them in an earthen pan ſet in 
ſand to nearly the heat of boiling water for 
half an hour or more, continually expoſing 
freſh ſurfaces to the air. When the charge 
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was quite cold I introduced it into a retort, 
and diſtilled as colourleſs nitrous acid as 


the former. As the charge emitted no 


nitrous air during digeſtion, it muſt Have | 
attracted dephlogiſticated air. 1&2) | 

I would recommend this manner of : 
treatment, to obtain nitrous acid in the 


_ utmoſt degree of perfection. 


Before I proceed any farther on this 


ſubjet, I think proper to mention the 


phlogiſtians' opinion of this acid, particu- 
larly Mr. Kirwan's, who has adopted a 
new phlogiſtic hypotheſis reſpecting the 
modification of the conſtituent principles 


of the nitrous acid, and of all other acids. 


This philoſopher ſuppoſes, that 100 
grains of nitrous acid in its pure colourleſs | 
ſtate, contain 38, 1 gr. of fixed air as its 
aciditying:principle, 57,.06 of nitrous baſis, 


and 4, % of phlogiſton united to the ni- 


trous -baſis:; and that the :njtrous baſis con- 
tains 4 of its weight of phlogiſticated air, 
and + dephlogiſticated air, both in a con- 
crete ſtate, and that it has an affinity both 
to fixed air and phlogiſton. Mr. Kirwan 


moreoyer ſuppoſes, that nitrous baſis ſatu- 


rated with phlogiſton, conſtitutes. nitrous 
air, 
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ale, and that 100 gr. of this baſis take up 
_ "neatly 22 of phlogiſton. By this he means, 
that the principles of nitibus acid are fixed 
air, dephlagiſticated air, phlogiſticated air, 
and inflammableair, all in their concrete ſtate. 
According to this ſtatement of nitrous 
acid, 100 grains of it in its pure dry ſtate, 
provided the fixable air be decompoſed, 
ſhould yield about 60, . 25 of dephlogiſti- 
cated air, 15, .75 of heavy inflammable 
air, 119, -02 gr. of phlogiſticated air, and 
4. +77 gr. of light inflammable air“. But 
if the fixable air ſhould acquire an aeri- 
form ſtate, and ſo paſs over in decompoſ- 
ing nitrous acid by heat, we ſhould ob- 
tain the following proportion, viz. 38, . 17 
gr. of fixable air, 38, .04 of dephlogiſti- 
cated, 19, . oa of phlogiſticated air, and 
4. +77 of light inflammable air, which in 
its aeriform ſtate ſhould.occupy nearly the 
ſpace of 200 cubic inches under the com- 
mon preſſure and temperature of the at- 
moſphere ; or if it ſhould during the pro- 
ceſs be condenſed into water, 100 cubic 


The variation and inereaſe af weight which the pre- 
ſence of water muſt neceſſarily produce in all aerial bo- 
dies are not here conſidered. > *' 
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inches of dephlogiſticated air muſt contri» | 
bute to it : if this were the caſe, dephlo- 
giſticated air could never be obtained _— 
the decompoſition of nitrous acid. 
I T calcined 4 ounces of purified Bird ve- 
getable alkali, to avoid any matter that 
may afford the inflammable principle of 
fixable air. On this I poured, diluted 
with diſtilled water, + more of the pure 
nitrous acid, obtained in the manner above 
deſcribed, than was ſufficient to ſaturate it, 
Having digeſted it for half an hour in 4 
matraſs, I charged it into a coated glaſs 
retort, and expoſed it to a gentle heat, 
until all the water and ſuperabundant acid 
were expelled, I then gradually raiſed the 
fire until the decompoſition of the acid 
commenced. The firſt meaſure rendered 
lime water turbid, but the contraction was 
hardly meaſurable. G 418 235 
| Meaſure 2 ditto. 12.008 362564, 
| 11; i Sitter cn 0:7 nen nom 
4 ditto. | | 

5 ditto, - 

6 ditto. 

7 leſs turbid. 
8 ditto. ee eee, 
9 ditto 


Meaſure | 
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Meaſure: 10 hardly rendered lime water 
| turbid, 

14 õ no appearance of Sxable ait, 
and continued ſo until the charge diſſolved 
the retort. The quantity of fixable air ob · 
tained here could not amount to more than 
a cubic inch, and I make no doubt but 
this is an ample allowance for it, though 
400 meaſures were obtained before the re- 
tort failed. As I made this experiment 
only with a view to aſcertain the preſence 
of fixable air, I attended to nothing elſe. 

If fixable air be a neceſſary principle in 
nitrous. acid, what became of it in the 
above proceſs ? If it had been decompoſed, 
we ſhould have obtained inflammable air, 
either light or heavy, neither of which was 
obtained, I frequently had an opportunity 
of examining the teſiduary alkali after the 
nitrous acid had been wholly expelled, -and 
never could obtain from it either nitrous or 
fixable air, though. there is generally an 
ebullition on the addition of an acid, oc- 
caſioned by the generation of heat. I aſk, 
what becomes of the 4, .77 grains of pure 
phlogiſton, or the matter of light inflam- 
mable air, contained, as Mr. Kirwan ſup- 

poſes, 
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Poſes, in every hundred grains of pure dry 
nitrous acid? As has been obſerved above, 
no inflammable air had been produced; 
and to ſuppoſe Phlogiſticated air to contain 
light inflemmable air, is an Hypothefis 
founded upon fach weak grounds, that the 
phlogiſtians cannot produce one ſingle in- 
ſtance to prove it. Even Mr. Kirwan him- 
ſelf, who is fo ſtrong an advocate for phlo- 
giſton, ſeems to doubt its preſence in phlo- 
giſticated air; for he ſays, „ With ro- 
ſpect to ꝓhlogiſticated air, it muſt be owned 
we have no direct proof that it contains 
ꝓhlogiſton, as no inflammable air has as 
yet been extracted from it, nor is it the 
general reſult of phlogiſtic proceſſes ; but 
fGince the nitrous acid formed of this air, 
and dephlogiſticated air, was found ſtrongly 
phlogiſticated, and fince the phlogiſticated 
Nitrous acid is conftituted ſuch by its union 
to nitrous air, it is evident that phlogiſti- 
cated air muſt contain phlogiſton, if nitrous 
air contains any.” Beſides,” according to 
Mr. Kirwan, the phlogiſticated air in the 
Nitrous acid contains its own proper phlo- 
giſton, together with the 4, .77 gr. of pure | 
* Eſſay on Phlogiſton, p. 40. 
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phlo- 
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phlogiſton ; ſo that it cannot be faid they 
| wep expended in forming phlogiſticated 
"Therefore the only way left to ac- 
count for them is, that they united to a 
portion of dephlogiſticated air, and formed 
water. 4, +77 gr. of light inflammable 
air require about 34 grains, or 100 cubic 
inches of dephlogiſticated air to condenſe 
them into water, and there are but 4 gr. 
more of dephlogiſticated air left, according 
to Mr. Kirwan himſelf. If this were ta 
take place, we ſhould obtain the following 
products from every 100 gr. of pure dry 
nitrous acid, viz. phlogiſticated air 19, 02 
gr. fixed air 38, .17 gr. water reſulting 
from the phlogiſton, and dephlogiſticated air 
38, .77 gr. dephlogifticated air 4 gr. How 
far this proportion correſponds with the 
products of the different airs obtained from 
nitre, 1 leave my chemical reader to judge. 
Mr. Cavendiſh repeated his proceſs for 
making nitrous acid on a tolerable large 
ſcale laſt ſpring “. Dr. B———y, another 
gentleman, and myſelf, have had the plea- 
ſure of ſeeing it. The tube which con- 
fined tle airs and ſoap-lecs was accidentally 


* Anno 1788. , 
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raiſed out of the mercury the day before, 
which gave me an opportunity not only of 
ſeeing but of taſting the nitre, which was 
in ſmall cryſtals on the ſurface of the mer- 
cury. It does not. appear that Mr. Ca- 
vendiſh uſed fixed air in the above proceſs. 
But Mr. Kirwan attempts to obviate this 
by ſaying, that a ſufficiency of fixable air 
may, be ſuſpended, in the fluids worked 
upon. This could not be the caſe ; for 
as Mr. Cavendiſh uſed ſoap-lees, he muſt . 
neceſſarily paſs his airs in ir, ſo that no 
fixable air could be ſuſpended. -It may be 
ſaid, that the ſoap-lees itſelf was not en- 
tirely free from fixable airs Even allowing 
this, it could have no ſhare in the forma- 
tion of the nitrous acid, as it muſt be 
formed by the union of the dephlogiſti- 
cated and phlogiſticated air, before they can 
unite to the alkali. 

I mixed three parts of light inflammable. 
air, and two of dephlogiſticated air, which 
ſtood ſeparately over lime 24 hours. The 
dephlogiſticated air contained + of phlo- 


giſticated air, I inflamed 7 meaſures, or 


about 2 cubic inches of this, which left a. | 


reſiduum of of the charge, which mea- 
4 | . fured 


&-- 
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ſured 2 of an inch. I added another charge 
to this refiduum, and after inflammation it 
increaſed to half an inch. I inflamed a third 
charge, expecting a proportionable increaſe 
of reſiduum; but here I was deceived; for 
it contracted to 4 of an inch, being * 
the reſiduum of one charge. I continued 
the operation with nearly the like ſucceſs, 
until the reſiduum got too large. I fired 
12 charges in all, and the quantity of con- 
denſed liquor was by eſtimation about 4 gr. 
The ſurface of the mercury and braſs con- 
ductors were much corroded. I let up a 
quarter of an ounce of diſtilled water, with 
about 2 drops of cauſtic fixed alkali, and 
left the whole to ſtand for a few hours. I 
then filtered the liquor, and evaporated it 
to dryneſs. I collected the falt, which 
weighed 14 gr. it ſeemed not to be ſatu- 
rated, for it attracted moiſture ſtrongly ; 
but ignited upon paper, it detonated like 
nitre. Thus it appears that nitrous acid 
had been formed in the above proceſs; 
though I am certain that neither the in- 
flammable air, nor the dephlogiſticated air, 
contained an atom of fixable air. It cannot 
be my that the * and in- 
| flammable 


( 94 ) | 
flammable air by their union furniſhed fix- 


able air; for I hope I have already ſhewn- 


that they conſtitute no ſuch thing. 
When II uſed very pure dephlogiſticated 
air, no ſenſible portion of nitrous acid was 
produced, unleſs the dephlogiſticated air 
predominated, and then there was very little 
procured, Hence we may conclude, that 
nitrous acid was formed in the above pro- 
ceſs, in conſequence merely of the preſence 
of phlogiſticated air. When the above 
proportions were reverſed, that is, when 
the inflammable air predominated, though 
the dephlogiſticated air contained a large 
quantity of phlogiſticated air, little or no 
nitrous acid was formed, which ſhews the 
ſuperior attraction of light inflammable air 
to dephlogiſticated air. Thus we find, 
provided the proportion be adjuſted, that 
two proceſſes may be carried on at once, 
viz, the formation of nitrous acid and . 
water, I am confident, if we could get 
entirely rid of the phlogiſticated air, thar 
water may be produced in the above pro- 
ceſs in whatever proportion we mix our 
airs, Without a particle of nitrous acid. 
X Theſe - 


(9%) 
Theſe facts mull be ſufficient to convince 
an unprejudiced perſon, that fixable air is 
not one of the conſtituent principles of 
nitrou acid, and that phlogiſticated air is 
abſolutely neceſſary to its conſtitution, and 
that the gravitating matter of light inflam- 
mable air, as ſome philoſophers are pleaſed 
to ſuppoſe, is not one of the — 
parts of nitrous acic. | 

The formation of nitrous acid; 3 

the preſence of fixable air, or the materials 
to compoſe it, and the reſolution of this 
again into its conſtituent principles, with- 
out the production of fixable air, muſt 
carry with them the utmoſt conviction. 
It may be ſaid, that fixable air was pro- 
duced during the decompoſition of the 
above charge of nitre; but can it be ſup- 
poſed that 1, or even 8 cubic inches of 
fixable air, could render ſo highly acid as 
well as cauſtic, the quantity of nitrous 
acid that will ſaturate four ounces of fixed 
alkali? Beſides, the fixable air obtained, 
was expelled at the commencement of the 
proceſs; and before r3> part of the acid 
could be decompoſed, a true ſign that it 


was rather an extra production proceeding 
from 


«> 


is) 
from ſome impurity in the nitre, than one 
of the conſtituent principles of the nitrous 
acid; for if fixable air were one of the 
conſtituent parts of this acid, we ſhould 
obtain it equally copious at every period of 
the proceſs, particularly when its extrica- 
tion depends upon the decompoſition of 
the acid, and likewiſe when we know that 
the alkali, after the decompoſition of the 
nitre, contains no fixable air. Indeed the 
alkali, from its attraction to fixable air, if 
the nitrous acid could furniſh this, ſhould 
be obtained in a mild ſtate; on the ſame 
principle that the alkali of foliated tartar is, 
after its decompoſition. - For though fo- 
liated tartar requires a ſtrong heat towards 
the end of the proceſs to completely de- 
compoſe the acid, yet the alkali is always 
obtained in a mild ſtate. Hence the reaſon 
why we obtain leſs fixable air in the be- 
ginning, than towards the latter end of | 
the proceſs. 2 
Conſidering the a of fixable 
air from putrefaction, combuſtion, and re- 
ſpiration, proceſſes which muſt neceſſarily 
be carried on wherever mankind exiſts ; 
and likewiſe confidering, that all' animal 


and 


* 


„ 

und vegetable ſubſtances contain more br 
leſs of this in: a combined ſtate, and that 
they ate chiefly compoſed of one of its 
conſtituent principles, and that nitrous acid 
contaius the other principle, it is not to 
be wondered at, that we ſnould obtain more 
or leſs fixable air in all proceſſes wherein 
nitre is uſed. Indeed, it is impoſſible for 
the moſt accurate experimentaliſt to guard 
againſt impregnations that may be produc- 
tive of fixable air, iſt, Becauſe the atmo- 
ſphers is not only impregnated with aerial 
acid already formed, but is Tikewiſe loaded 
with moats that may adhere to our mate · 
rials. 2dly, Out ©breath Swhil{t we are 
preparing our charge, and inſenfible perſpi- 
ration additibn to theſe, may all contris 
bute to the generation of aerial acid. 
Leharged ſome ounces of common Aa 
pette,! procured at the druggiſt's, into 4 
coated glaſs retort!” This I placed in a re- 
verberating furnace; and when' the air of 
the veſſels was expelled, I examined the 
fr meaſure, which rendered lime water 
turbid; but the contraction was ſcarcely 
meaſurable. The FANS I uſed contained 
now, . .noi/ 51138, 118i! ye Ai "about 
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about 8 cubic. inches, and the proportion 


of fixable air Was as N i th 10 ol 
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| 40 ſcarcely. nnn Abe leit 
50 by conjecture, ſcarcely. ſenſible. 
60 no appearance of fixable air, and con- 
tinued ſo during the whole proceſs. The 
greater quantity of fixable air - procured 
here than in the former proceſs, proves 
that its. production muſt be occaſioned by 
the impurity. of. the. ritre....:- 1115 5 
All ſpongy bodies, or the moſt 8 
ſubſtances when reduced: to powder, will. 


though. they. may not Rave any chemical 


of fixable a air by doe — mon attraction, Even 
nitrous ' 


t 99 ) 


| Nitrous acid will condenſe u ſinall quantity 
of fixable air, though it will not enter into 
chemical union with it. 


I deflagrated 2 ounces of pute . 


Waal as above deſcribed, with about 
7 dwts. of freſh made filings of zinc ; and 


When the maſs cooled; diluted vitriolie acid | 


did not diſengage a particle of fixable air 
from it. The ſame quantity of iron filings 
and nitre, after deflagration, yielded a ſmall 
quantity of fixable air; If the fixable air 
ptoceeded from a decompoſition of the acid 
in this laſt experiment, why was not the 
fame quantity of fixable air produced when 
xinc filings were uſed ? Or, if the fixable 
air was produced in conſequence of an 
union of the dephlogiſticated air of the 
nitrous acid and the phlogiſton of the iron, 
why did not a fimilar union take place when 


zinc filings were uſed? ſor, if the one con- 


rains phlogiſton, the other muſt, If the 
difference ſhould be attributed to the greater 
quantity of phlogiſton in iron than in zinc, 
I would anſwer, that this could make no 
difference, when there is a ſufficiency in 
both to decompoſe the whole of the nitte. 
Beſides, as I haye obſerved before, light 
8 Bos | SI inflam- 
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6100) 
inflammable air and dephlogiſticated air 
have never been known to form fixable air. 
I would likewiſe aſk, what becomes of the 


Phlogiſton of the metal during deflagra- 
tion? for, according to Mr. Kirwan, the 
dephlogiſticated air of nitrous acid is e 
attached to phlogiſt o. 
If nitrous acid were compoſed: of the 
principles Mr. Kirwan ſuppoſes}; and like- 
wiſe, if metals were compoſed of à certain 
baſis and phlogiſton, nitre would never be 
decompoſed by metallic ſubſtances.” The 
phlogiſton of the metal being oppoſed by 
the phlogiſton of the nitrous! acid, can 
have nothing to do in the decompoſition; 
and as the union of all the ingredients nitre 
& compoſed of, is diſſolved when the de- 
phlogiſticated air is withdrawn from them, 
the metallic baſis alone muſt overcome the 
following forces to unite to the dephlo- 
giſticated air, viz. 1ſt, The force whereby 
the nitrous acid and the alkali attract each 
other.  2dly, The force whereby the 
phlogiſticated air attracts dephlogiſticated 
air. 3dly, The force whereby nitrous baſis 
attracts fixable air; and laſtly, the at - 
traction of their pure phlogiſton to all 
2 9 . 


* \ * 


(. ror ) 


theſe; let us add to theſe forces, the at- 
traction of the metallic baſis on the other 


ſide to its own phlogiſton. Therefore, if 


the metallic baſis ſhould attract dephlo- 
giſticated air ſo forcibly as to overcome all 
theſe collectively, can it be ſuppoſed that it 
would yield it again to phlogiſton, or that 
it would exchange it for phlogiſton? Un- 
doubtedly not; though an allowance be 


made for the agency of fir in this circum- 
ſtance. 5 

If we conſider nitrous acid to be com- 
poſed of what in my opinion it really 


is, namely, dephlogiſticated air and phlo- 


giſticated air, and metals to be compoſed 
of two principles, viz. earth and phlogiſton, 


we may account for the decompoſition 


of nitre upon a very rational principle; 


viz, the joint attraction of phlogiſton 
and its metallic baſis for dephlogiſticated * 


air. But we cannot account for the re- 
vivification of metallic calces again by in- 
flammable air, upon this principle, conſi- 
dering that the phlogiſton or light inflam- 
mable air of the metal muſt reſiſt it, and 


likewiſe that the attraction of the metallic- | 


ne 2 thy baſis- 
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( 
baſis itſelf to dephlogifticated py: adds ta 
this reſiſtance. 5 
It is true, it may be juſtly ed that 
intenſe heat may weaken the union of the 
dephlogiſticated air, the metallic baſis, and 
its phlogiſton, and thereby enable uncom- 
| bined phlogiſton, or light inflammable air, 
to unite to the former, or, what is the ſame 
in effect, to the metallic baſis,” and diſen- 
gage its own - phlogiſton and * 
cated air in the ſtate of water. : 

- If we admit this mode of reaſoning, it 
proves, that the metallic baſis has greater 
attraction to inſlammable air or phlogiſ-. 
ton, than to dephlogiſticated air alone, r 
than to r ee 15 1250 bees p 

Jointly. 

This, confidered abftrattedly, pennt 
certainly very plauſible; but, if we take a 
more extenſive view of the ſubject, we ſhall 
find, that it will not correſpond with other 
connected facts. For if iron had ſtronger 
affinity to phlogiſton, or light inflammable 
Ar, than it has to water, or to dephlogiſti- 
air ſimply, light infſammable air 
ould not be produced from iron filings 
and water in a beilivg heat, whether it 

comes 


nne 
comes, from the water or metal; or much 
Jeſs could this be produced by paſſing ſteam 
over the ſurface of red- hot or fuſed iren, 


particularly over the latter, as in this ſtate 
it ſeems to retaĩn its phlogiſton with greateſt 
force, if aſſuming 4 metallic ſtate be ſuch. 
Do not all the calcinable metals in the dry 
way, mercuty excepted, unite to dephlo- 
giſticated air in, the ſtrongeſt degree of 
heat that aur furnaces can produce? And 
will not inflammable air reduce theſe again 
to their metallic ſtate in the ſame degree of 
heat? Therefore dephlogiſticated air cannot 
be retained in metallic calces by the double 
force of the metallic baſis and inflammable 
air, or its condenſed phlogiſton. If, as I 
believe I have already obſerved, the union 
of dephlogiſticated air depended on the me- 
tallic phlogiſton alone, inflammable air, by 
the aſſiſtance of heat, would decompoſe it. 
But, then, would this take dephlogiſticated 
air from water? Indeed, I might as well 
have aſked, if vittiolic acid would take 
fixed vegetable alkali from vitriolic acid? 
For ſurely phlogiſton cannot take dephlo- 
giſticated air from phlogiſton, more eſpe- 


cially when it is already be to the 
metallic baſis. — 


H4 | Theſe 


\ 
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| Theſe -circumftances ſtrictly conſidered, | 


it appears to me, that in order to con- 


nectedly and conſiſtently account for the 
decompoſition of the different bodies into 
whoſe compoſition dephlogiſticated air en- 
ters by metallic ſubſtances,” ſulphur and 
phoſphorus, phlogiſton muſt be left out- 
If we conſider metals as 'fimple bodies, 
and of courſe deſtitute of the gravitating 
matter of light inflammable air; and like- 
wiſe nitrous acid as a ſubſtance compoſed 
of phlogiſticated and dephlogiſticated air 
only, we may be able to account for the 
decompoſition of nitte and nitrous acid, 


by the different metals, &e-/ 8 
It has been obſerved, that metals have 


greater attraction to dephlogiſticated air 
than | ſulphur and ſulphur than light in- 
flammable air. Light inflammable air has 
greater attraction to dephlogiſticated air than 
-phlogiſticated air has. Let us, in order 
to be the more explicit, ſuppoſe theſe dif- 
ferent bodies to attract 5 RY air 
with the following forces: 6224 Bots 


Metals - #3); N 205 
Sulphut . — 6, 
Light inflam. oils: ili ö 


* air — 1 33 
. Let 


( 2095 ) 
Let us likewiſe ſuppoſe fixed alkali to 
attract nitrous. acid with the force of 4, 
which in addition to 3 enables the nitre 


the force of 7. Hence filings of iron or 
inc, though they will decompoſe the 
nitrous acid itſelf, will not decompoſe nitre 
in powder, or in ſolution, in a common 
temperature. The conſtituent principles 
of nitre attached with the above force, 
will recede from each other when expoſed to 
heat by the interpofition of fire, whereby 
their union or mutual influence is weak- 


ened; and this diminution of the force 


of their attraction, is in a duplicate ratio 
to the | ſquares of their / diſtances. | Me- 
tallic ſubſtances, having their ultimate 
particles likewiſe removed from each other 
when expoſed to heat, by which their ag- 
gregate influence is diminiſhed, attract de- 


phlogiſticated air with the greater force, '- 
Theſe circumſtances enable us to account 


for what takes place when we project nĩtre 
and zinc, or iron, or charcoal, and ſulphur, 
into a red-hot crucible, 
That famous philoſopher, and accurate 
experimentaliſt, Mr, Lavoiſier, having mix- 
| ay ed 
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(106) | 
ed and reduced into a moſt ſubtile powder 
708,6 grains of nitre, and 93,52 of chars 
coal; preſſed them into a copper tube, and 
after ignition introduced the tube, with its 
aperture turned down, under a jar of water; 
where the whole of the charcoal was con- 
ſumed, and the nitre nene The 


ee were as follow: | 
au Materials, * | Produdts,, Cub. wat wag,” 
mY 


Nite 705, Fired air 708.23 e 
; Charcoal 93,52 Phlogiſt. air 195,56 39,8 
— Cauſtic alkali- 45s, Z 


802,12 | 
e es ere quilts 79684 
| „ - 6.9 

Mr. Lavoiſier was juſtly led to concluds 
from this experiment, that nitrous acid 
was compoſed of dephlogiſticated and phlo- 
giſticated air, and that the latter was in the 
proportion of + of the whole of the acid 
and likewiſe, that fixable air was compoſed 
of the matter of charcoal and dephlogiſti- 
cated air. 

The accuracy ae this experiment 
was performed, and the inferences drawn 
from it (particularly at a time when the 
conſtituent principles of nitrous acid were 
unknown), 


4 


(1 

unknown), ſhew the excelleney - of this 
great Philoſopher. There were 6, 49 gr. 
miſſing, which muſt certainly be water. 


Indeed, conſidering the quantity of water 


in nitre, and likewiſe that the airs were 
produced in water, the loſs of weight was 


very inconſiderable. In my opinion, 100 


gr. of pure nitre contain, of 


Cauſtic alkali _ 57 grains. 


Pephlogiſticated air - 27 
Phlogiſticated air — 6 
"Water, won. „ 

Total 100 


Fro this ſtatement I'am induced to think, 
that the 329, 33 of fixable air produced in 
the above proceſs, contained the following 
proportion of 4 its conſtituent. principles, and 


water; - / Gr. 
Dephlogillcated ar- wwe 90 
Charcoal b — 29,52 
Water „ — 48,8 
| "+9 % n 1 | — 

1 es Total 329, 33 


11 1 phlogiſticated: air contain, beſides 
its real gtavitating matter, 18 grains of 
water. The quantity of water held in ſo- 

lution 


F 
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( 468 ) 
tation in both airs 66,81; in n addition te 
6;49; which” was the loſs of weight, ac 
counts fot the water of the nitre and char- 


coal. The following is the proportion of 
the different an contained in the 


whole charge: | | | 
Soi iini em .. 29 64 Gr. * 
Dephlogiſticated ait. — 197, 
Water ' 7 1 dl 73.30 
Phlogiſticated air dk 41,8 
Cauſtic alkali -- T 406, 5 i 


| Total 802,12 
In Wee nitre per e, when the 
| proper apparatus was uſed for collecting 
| | the different products, I always obtained 
= 8 water flightly acidulated; but, as this is 
. produced in the beginning of the proceſs, 
I think, if the quantity of water contained 
in nitre were retained until the whole was 
decompoſed, the different fluids would 
diſſolve the entire of it, or rather more, if 
they could be properly ſupplied with it. 
. | Therefore: fixable air holds leſs water in 
. ſolution, than the quantity of dephlogiſti- 
cated: air contained in it would in its fimple 
| £0120 ſtate, 
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ate. There is no poſſibility of aſcertain» | 
ing the exact quantity of water 93,52 grains 
of charcoal would hold in ſolution ; for, 
during its converſion into an aerial ſtate, 4 
portion of the water is generally. :decoms- 
poſed, more eſpecially if too much be uſed: 
whereby we obtain fixable air and light, 
and heavy inflammable air, in various pro- 
portion. Hence we cannot actually prove 
the greateſt weight 93, 52 grains of char- 
coal. would acquire, on its aſſuming an 
aerial ſtate. The pureſt heavy inflammable 
air is that which is obtained from foliated 
tartar, and 5 parts of this require about 7 
of dephlogiſticated ait to condenſe them 
into fixable air; from which I infer, that 
93.52 grains of charcoal, in order to arrive 
at the aboye proportion, muſt hold much 
more water in ſolution in its elaſtic ſtate, 
than 191 grains of the matter of dephlogiſ- 
ticated air, for there i is very little difference 
in the ſpecific gravity of theſe two airs. 

Mr. Kirwan, ſuppoſes, that the whole 
of the. fixable air produced in the above 
praceſs, does not reſuit from the union 
of charcoal and dephlogiſticated air; but 
that the nitre itſelf yields 91, 86 grains 
of fixable air, as one of the conſtitu- 
ent 
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ent principles of dhe nitrous: ac; a 
according to hin, ds, 6 gr. of nitre 6 

contain but 92 gr. of dephlogiſticated air, 

befades the portion combined in the fixable 

air. 11,43 gr. of pure: ꝓhlogiſton, or the 
matter of light inflammable air, beſides 
phlogiſticated: air, are intimately united to 
the; above portion of dephlogiſticated air, 
which at leaſt are ſufficient. to convert 430 
cubic. inches, or nearly 146 grains, or, to 
make an ample allowance for water, 80 
grains of the pure ſolid gravitating matter 
of dephlogiſticated air, into vate. 
Thus, according to Mr. Kirwan, the 
quantities of combuſtible matter and dephlo- 
giſticated ait contained in the above charge, 
excluſive of what was already combined in 
the: forincof fixable wy: were in the e 


ing proportion, via. 
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The gravitating matter of light 
inflammable air * 11,43 gr. 


| Dephlogiſticated all, — 9 gr. 
- Is this quantity of dephlogiſticated air 
| ſufficient to-ſaturate 11, 43 gr. of light in- 
| flammable air, and conſume 93, 52 grains 


of charcoal ?- Undoubtedly not; and yet 
- © 2 | HW 23 | f 4 the 
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che whole, of the charcoal was expended, - 
and no inflammable air was: produced. In 
my opinion, it needs no great ſhare of ſa» 
gacity to ſee into the fallacy of this docs 
trine. The above portion of combuſtible 
materials would require at leaſt 26 1 gr. of 
the pure gravitating matter of dephlogiſti- 
cated air, free from water, to conſume or 
burn them; air eg far erceeding the 
whole of the acid. eld! Dog 2% UA: 
.- 1: fuſed a quantity of nitre in a ſmall 


eearthen tubulated retort, whoſe neck was 


clangated with a glaſs tube which immerged 
in water, and introduced into it 10, 34 gr. f 
red-hot charcoal, which was expoſed to a 
ſtrong heat for half an hour. It wW4s 2 
_ whole piece, andi the weight was aſcertained 
as ſoon as it Was taken out of the fire. 
When it got in contact with the fuſed 
nitre, a rapid deflagration enſued, attended 
with a copious extrication of fixable air. 
Wben I obtained about 40 cubic inches of 
air the deflagration ceaſed, and the charcoal 
was about ; conſumed. The fixable air 
was very pure, containing but 7 cubic 
inches of phlogiſticated air. The difficulty 
of ſeparating: the alkali from the reſiduaty 
charcoal 
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charcoal without waſte; and the ichpok- 
bility of conſuming the entire of a quantity 
cf charcoal, as it muſt be uſed whole in 
this experiment, tender it impracticable 
to exactly aſcertain the quantity of fixable 

air a given quantity of: charcdal would 
— yield; for, as ſoon as the nitre next the 
charcoal is decompoſed, the proceſs ceaſes. 
In order to obviate this inconveniency as 
much as poſſible, I introduced à long and 
flat piece of charcoal weighing io grains, 
into a freſh charge of niĩtre; and as ſoom a 
the deflagration commenced, I kept the 
charge in continual agitation; which, with 
the large ſurface the charcoal itſelf expoſed,: 
enabled me to nearly conſume the whole. 
The quantity of charcoal left could not 
exceed 2 grains. I obtained 8 o cubic inches 
of air, 67 of which were fixed air, and 
the remainder phlogiſticated air. Theſe 
proportions induce me to ſuppoſe, that 
either the charcoal Mr. Lavoiĩſier uſed con- 
tained phlogiſticated air, or that I uſed 
purer nitre than he did; or, which is very 


likely, that the nitre was only partially de- 
compoſed in the above experiment, where- 
by phlogiſticated air had been retained. | 


As 
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As the charcoal uſed in this experiment | 


contained neither water, phlogiſticated, nor 


fixable air, being expoſed to a ſtrong heat 
for a conſiderable time, (unleſs we admit 


that phlogiſticated air is one of the conſti- 
tuent principles of charcoal), 67 cubic 
inches of fixable air, or 31 gt. contain 8 gr. 
of charcoal, and the remaining 23 gr. are 


furniſhed by the dephlogiticaed air and 


water, 

That the real matter of charcoal enters 
into combination with dephlogiſticated air, 
is hardly to be doubted, however fixable 
air is generated, whether by the combuſ- 
tion of oils, ſpirit of wine, reſpiration, &c. 
or by uniting heavy inflammable air and 
dephlogiſticated by the electric ſpark. Sul- 
phur will decompoſe nitre with various re- 
ſults and phenomena, according fo the pro- 
portion uſed ; if two parts of nitre and 
one of ſulphur be mixed, the nitre is de- 
compoſed with detonation, and volatile vi- 
triolic acid, dephlogiſticated air, and phlo- 
giſticated air, are produced; as Mr Berthollet 


has obſerved. The ſame philoſopher found 


that one partof ſulphur andfour of nitre will 
not detonate, though the nitre is decom- 
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| poſed; and nitroti air produced; | He vif- | 
tilled 120 grains of nitre, and 30 gr. of 


ſulphur, and obtained 105,8 cubie inches 
of nitrous air, at the fame time that the | 
whole of the nitre was decompoſed. This 
experiment is explained in the "loin 
manner, by Mr. Kirwan “. | 
According to this philoſopher, / 120 gr. 


of nitre, contain 55 of acid, comprehend- 
ing the water which is inſeparable from it, 
Of theſe + or 36,6 gr. are nitrous baſis, 
which require 6,6 gr. of phlogiſton to 
convert them into nitrous air; the re- 
mainder of the 55 gr. of acid is fixable 
air: the following are his proportions, viz. 


Nitrous baſis | 36,6 
Fixable air 18 
| 54,6 


There are 2-10ths of a gr. unaccounted 
for. Mr. Kirwan having ſtated the prin- 
ciples of nitrous acid in the above propor- 
tion, ſuppoſes it to be. decompoſed by a 
double elective attraction, viz. the nitrous 
baſis attracts the phlogiſton of the ſulphur, 
which he computes to be 6, 6 gr. at the 


* Eſſay on Phlogiſton, p. 58-9. 
= ſame 
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ſame time that the dephlogiſticated baſis of 
the ſulphur unites to its fixable air; and as 
18 gr. of fixable air; are too little to con- 
vert the dephlogiſticated ſulphur (as he is 
pleaſed'to call it) into fixed vitriolic acid, 
they convert it into vitriolic air; which 
unites to the alkaline baſis of the nitre. This 
is certainly a very ingenious. mode of rea- 
ſoning; but, in my opinion, it is not diſ- 
played in the cauſe of truth. _ : 
_ - Mr. Kitwan, in the laſt ſtatement of ni- 
' trous acid, left out the 2,74 gr. of pure phlo- 
piſton, which, according to himſelf; 5 5 grains 
vf pure dry nitrous acid ſhould contain, and 
which is united to the nitrous baſis*, . 
Therefore, counting this with the 6,6 gr. 

of -phlogiſton; which the baſis takes from 
the ſulphur, the 3656 gr. of nitrous baſis 
muſt be united to. 9,43 grains of phlo- 
giſton, which ſhould increaſe the weight 
of nitrous air proportionably ; ſo that; in- 
ſtead. of 43,2, Wwe ſhould obtain 46,03 
grains of nitrous air; 

Thus we find, it to Mr Kir- 
wan himſelf, that roo gr. of nitrous baſis 
muſt unite to 29937 gr. of A e 


bo Eſſay on Phlogiſton, p. 34. 
12 though 
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though he fays . 100 gr. of this, will 
take up but 22 of phlogiſton. I think 2,73 
grains of the matter of light inflammable 
air, in 55 gr. cannot be ſo very trifling 
as to be over looked in a compound of 
which dephlogiſticated air conſtitutes the 
major part, more eſpecially when we con- 
ſider the quantity of dephlogiſticated air 
which -2,73 of light inflammable air is 
capable of converting into water. 

1 think it is needleſs to ſay much more 
on the hypotheſis of fixable air; it would 
be troubling my reader, and pointing out 
what, I flatter myſelf, he muſt be already 
convinced of. In my opinion, phlogiſton 
muſt be entirely left out, in order to ex- 
plain the different phenomena that attend 
the. two laſt experiments. In the firſt of 
theſe experiments, Mr Berthollet uſed two 
parts of nitre, and one of ſulphur : the 
nitre was decompoſed, and the ſulphur (to 
make uſe of the language of others) was 
dephlogiſticated. Phlogiſticated, and de- 
phlogiſticated air, were produced, but no 
nitrous air. When the ſame philoſopher 
uſed four of nitre, to one of ſulphur, vitri- 


olic air, and nitrous air, were produced, and 
the 
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the ſulphur was likewiſe dephlogiſticated ; 
er (to make uſe of a more unexceptionable 
expreſſion) vittiolated. In both experi- 
ments, it ſeems, the-ſulphur loſt its phlo- 
giſton, "ar J 

It appears extraordinary to me, if phlo- 
giſton ſhould be one of the conſtituent prin- 
ciples, both of the nitrous acid and ſulphur, 
that we did not the rather obtain nitrous 
air, or, if not nitrous air, phlogiſton, or 
light inflammable air, when a greater quan- 
tity of ſulphur was uſed, than a leſſer. Mr. 
Kirwan attempts to account for this by 
ſaying, that the nitrous baſis itſelf is decom- 
poſed when it meets with too much phlo- 
giſton. | 
If the nitrous baſis were capable of unit- 
ing only toa limited quantity of phlogiſton, 
and that a greater portion was diſengaged 
in the proceſs, the ſurplus ſhould undoubt- 
edly paſs over in the ſtate of inflammable 
air. 'Letus even, allow, for a ſhort time, the 
nitrous baſis to be decompoſed, when we 
uſe one of ſulphur, and two of nitre ; and 
let our quantities be 120 of nitre, and 60 
of ſulphur. According to Mr. Kirwan, 
120 gr. of nitre contain 36,6 gr, of nitrous 
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baſis, and 24,4 gt. of this is dephlogiſ- 
ticated air. Co gr. of ſulphur muſt part 
with 13, 2 gr. of phlogiſton, in order to 
become volatile vitriolic acid; which in 
addition to 2,73. make 15,93 gr. of phlo+ 
giſton : therefore, the charge contained, 
beſides the quantity contained in the vola- 
tile vitriolic acid, and fixable air, which we 
have nothing to do with at preſent, 15,93 
gr. of phlogiſton, and only 24,4 gr. of de- 
phlogiſticated air. It contained moreoyer, 
18 gr. of phlogiſticated air. The phlogiſti- 
cated air is obtained in this proceſs ;| but 
the 15,93 gr. of phlogiſton ſeem to be 
totally loſt, for no inflammable air is pro- 
duced. The only rational mode of ac- 
counting for this loſt phlogiſton is, that 
it united to the dephlogiſticated ait of the 
nitrous baſis, and formed water. Is it poſ- 
ſible for 24,4 gr. of dephlogiſticated air to 
condenſe, or either to convert into water 
or fixable air 15,93 gr. of the pure ſolid 
matter of light inflammable air? Beſides, 
dephlogiſticated air is obtained in this pro- 
ceſs; the quantity I cannot determine, 
although I have repeated the experiment. 
If we even leave out the fixable air ſuppoſed 

| to 
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to be contained in the nitrous acid, and 
admit its weight of dephlogiſticated air, 
which, with the dephlogiſticated air of the 
nitrous baſis, would amount to 42,4 gr. 
we ſhould ſtill find the quantity neceſ- 
ſary to condenſe the phlogiſton, ſhort by 
68 gr. at leaſt, It cannot be ſaid that 
this is converted into fixable air, from 
facts already adduced; beſides, the ſulphur 
is not more acidified here, than when ni- 
trous air is produced; which could not be 
the caſe if fixable air were formed, and 
if this were the acidifying principle of the 
vitriolic acid, It is true, there is double 
the quantity of ſulphur here, that is uſed 
when we obtain nitrous air; but let it be 
conſidered, that 48 gr. of the ſolid matter 
of fixable air ſhould reſult from the above 
quantity of phlogiſton, or the matter of 
charcoal, which is the conſtituent Fora 
of fixable air. 

Theſe are my reaſons for objecting, as 
well to Mr. Kirwan's doctrine, as to that 
of the phlogiſtians at large. In my opi- 
nion, the decompoſition of nitre by ſul- 
phur may be accounted for more ration- 
ally in the following manner. 
| - Although 


ae 

Although I do not think ſulphur con- 
tains phlogiſton, or the ſolid matter of 
light inflammable air, I by no means 
ſuppoſe it to be a ſimple body, but to be, 
relatively to our knowledge of chemiſtry, as 
ſimple as the earths, or the two fixed al- 
kalies ; all of which I make no doubt will 
be analyzed at ſome future period, when 
the ſcience of chemiſtry will be more cul- 
tivated than at preſent, by men of genius, 
fortune, and leiſure. | 
Hence, I conceive the ultimate particles 
of. ſulphur to unite in ſpecie to theſe of 
dephlogiſticated air, as phlogiſticated air 
does during the formation of nitrous acid, 
without loſing any thing but fire, which 
is always diſengaged when a chemical com- 
bination takes place. 
Of the conſtituent parts of the nitrous 
acid I have given my opinion, as deduced 
from facts. I have likewiſe. ſuppoſed de- 
phlogiſticated air to be retained in nitre, 
with the force of 7, and ſulphur to attract 
it with the force of 67. I do not mean to 
intimate that theſe are their abſolute forces; 
but, nearly the proportion they bear to one 
another. Thus, ſulphur will not decom- | 


poſe 


E | 
poſe nitre, until expoſed to heat ſufficient 
to alter theſe forces. Nitre and ſulphur 
mixed and comminuted, and put on hot 
iron, will not detonate, nor will rhe nitre 
be decompoſed, though the ſulphur will 
be burned out with a languid phoſphore- 
| ſcent-like flame. Gunpowder alſo will not 

detonate, though the ſulphur may be burned 
out with the ſame phenomenon, as may 
be ſeen by putting a little on a hot cinder, 
ſoon after it loſes ignition. But, when 
nitre and ſulphur are expoſed to that de- 
gree of heat, which will fo relax the che- 
mical tie of the conſtituent principles of 
nitre, as to caſt the ſcale in favour of the 
ſulphur, it will then rapidly unite to the 
dephlogiſticated air of the nitre, and pre- 
ſent the phenomena of combuſtion and de- 
tonation. 
Thus, two parts of nitre and one of ſul- 
phur will detonate when expoſed to ſuffi- 
cient heat, at the ſame time that the ni- 
trous acid is wholly decompoſed. Sulphur 
will not unite to more dephlogiſticated air, 
in the degree of heat neceſſary to conduct 
this proceſs, than is ſufficient to convert 
it into volatile yitrislic acid; or if it even 
did, 
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did, its attraction is not ſtrong enough to | 
take it from the nitre ; as has been ſhewn in 
the third ſection of this work, Therefore 
we obtain, from the above proportion, vola- 
tile vitriolic acid, dephlogiſticated air, and 
phlogiſticated air; there is likewiſe: ſome 
ſulphur ſublimed in the beginning of the 
proceſs, When one part of ſulphur, and 
four of nitre are uſed, *the products are 
different; for then, the quantity of ſul- 
phur being very ſmall, it preſents but a 
few ſurfaces when mixed with the nitte, 
ſo that it can only take the portion of de- 
_ phlogiſticated air from the nitre which is 
over and above the quantity contained in 
nitrous air; thus the nitrous air, being de- 
prived of its dephlogiſticated air, is readily 
expelled from the alkali, The reaſon no 
deflagration takes place is, the particles 
of ſulphur being but few, and interpoſed 
by the nitre, the quantity of fire diſengaged 
by the more intimate union of dephlogiſ- 
ticated air to the ſulphur, is inſenſibly diſ- 
ſipated; that is, it is not liberated in a 
ſufficient degree of accumulation, to pre- 
ſent the phenomena of light and combuſ- 
tion. The reverle, takes place when a 
greater 
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greater quantity of ſalphur is uſed : then 
the particles of ſulphur being more nume-= 
rous, and of courſe, cloſer to one another, 
fire is diſengaged in a more concentrated 
ſtate ; at the ſame time that the whole, 
nearly, of the dephlogiſticated air of the 
nitre is taken up. In order to deprive the 
nitre of the whole of its dephlogiſticated 
air, it is neceſſary to uſe more ſulphur than 
can unite to the dephlogiſticated air. 1ſt, 
Becauſe an ultimate particle of ſulphur can 
only take an ultimate particle of dephlo- 
giſticated air from the nitre, whereby it 
forms volatile vitriolic acid. 2d, As every 
ultimate molecule of nitre contains, moſt 
commonly, four ultimate particles of dephlo+ 
giſticated air, and one of phlogiſticated air, 
which, being enveloped thus in aggre- 
gates by alkali and water, are partly de- 

fended' from the action of the ſulphur. 
Therefore, as the former cannot be ſo ul- 
timately divided as the latter ; if only 
that quantity of ſulphur be mixed with 
the nitre, which will expoſe but ſurfaces 
enough to deprive the molecules of nitre of 
one half of their dephlogiſticated air, ni- 
trous air is produced; but if, on the con- 
trary, 
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trary, a ſufficiency be uſed to deprive the 
molecules of nitre of + of their dephlogiſti- 
cated air, we obtain phlogiſticated, de- 
phlogiſticated, and vitriolic air. 

If four parts of nitre, two of a | 
and three of charcoal, be mixed and well 
powdered, they will burn rapidly, and 
emit a volatile vitriolic, and an hepatic 
ſmell, The entire of the ſulphur is not 
here converted into volatile vitriolic acid. 
The charcoal having greater attraction 

to dephlogiſticated air, unites to the moſt 
part of it, while a portion of the ſul- 
phur unites to the alkali of the nitre. Hence 
ariſes the hepatic ſmell during the inflam+» 
mation of gunpowder. * | 

Charcoal detonates with nitre in various 
proportions, but will not diſengage nitrous - 
air in any proportion whatever. If nitrous 
air were produced, in conſequence of a cer- 
tain portion of phlogiſton, as Mr Kirwan 
ſuppoſes, a leſs quantity of charcoal than is 
ſufficient to decompoſe a quantity of nitre, 
ſhould diſengage it, if charcoal contains 
” phlogiſton. I think this may be explained 
on the ſame principle with the deflagration 
of ſulphur and nitre. Charcoal. and nitre 
| diſtilled 
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diſtilled in various proportion, will afford 
phlogiſticated and fixable air, but not a 


particle of [nitrous air is produced. I 
would aſk the phlogiſtians, why nitrous air 
is not procured here, when we obtain it 
from ſulphur and nitre under the fame - 
circumſtances ? | 
Charcoal- not only unites to a larger 
quantity of dephlogiſticated air, than ſul- 
phur does, in order to become volatile vitri- 
olic acid, but likewiſe attracts the portion 
neceſſary to its converſion into aerial acid 
with greater force. Thus charcoal mixed 
with nitre in a very ſmall proportion will 
detonate, and fixable and phlogiſticated air 
is produced. Every ſingle molecule of 
charcoal (for we cannot reduce it into its 
ultimate particles by attrition) is capable 
of deſpoiling a ſingle molecule of nitre of 
the whole of its dephlogiſticated air ; and 
this decompoſition is fo rapid, that the 
molecule of charcoal directs its whole at- 
traction to the molecule of nitre, which 
firſt influences it; otherwiſe we ſhould ex- 
pect that the charcoal would take a portion 
of dephlogiſticated air from different ni- 
PPS it | trous 
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ttous molecules at the ſatne time, 
panes, diſengage nitrous air. 
Metals decompoſe nitre, ad 5 the 
fame phenomena which charcoal does, but 
with a different reſult ; for they produce 
little or no fixable air: and even the ſmall 
quantity obtained from ſome metals; parti- 
cularly from iron, is ſo liable to vary, that its 
preſence appears to be accidental. Nitrous 
air is not produced during the decompoſi- 
tion of nitre by iron filings. Mr Berthollet 
diſtilled 472,5 gr. of nitre, with 236,23 
of iron filings, and obtained 453.37 eubie 
inches of air, of nearly the ſame. ſtandard 
with atmoſpheric air“. In ſhort, all the 
imperfe& metals will detonate with nitre, 
without producing a particle of nitrous air. 
As this is explicable on the ſame principle 
with charcoal and nitre, I ſhall not trouble 
my reader with it ; but only obſerve, that 
if nitrous air were compoſed of nitrous 
baſis and phlogiſton, we could not but 
adjuſt the proportion of the nitre and metal 
favourable to the production of it, pro- 
vided the metals contained phlogiſton. 
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The regulus of arſenic put on red-hot 
iron, will burn with a flame. This does 
not indicate ts greater attraction than other 
metals ia dephlogiſticated air, but the 
weaker adheſion of its ultimate parts to 
one another. The ' white calx of arſenic, 
although it is capable of uniting to more 
air, will not preſent the ſame phenomenon. 
Tho regulus of arſenic will detonate ra- 
pidly with nitre. Equal parts of the white 
calxof arſenic and nitre, projected into a cru- 
eible hot enough to fuſe them inſtantly, will 
net detonate. Two of nitre and one of the 
calx will not detonate. Three parts of nitre 
and one of arſeuic exhibit a few brilliant 
ſparks here and there; as do likewiſe two 
of arſenic and one of nitre, provided the 
crucible be very hot: but it ſeems to me 
to proceed from a few reguline particles, 
accidentally interſperſed in the-calx ; other- 
wiſe the deflagration muſt have been more 
general, Nitrous air is produced from 
either of theſe proportions, but in a larger 
quantity when two of nitre and one of arſe- 
nie are uſed. Hence, we find that the regulus 
of arſenic per ſe will unite to dephlogiſtica- 


ted air, and preſent the phenomenon of 
com- 
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combuſtion, and that the calx will not; 
and likewiſe that the regulus will detonate 
with nitre, and that the calx will not; 
and laſtly, that nitrous air is produced by 
the calx, and none by the regulus. Let 
us view theſe facts narrowly, and, compa- 
ratively, and we ſhall find that they tend 
much to corroborate the foregoing expla- 
nation of deflagration, and * PE 
of nitrous air. 

That the regulus of arſenic nies 
with a certain portion of dephlogiſticated 
air, and that on this union depends its calci- 
form ſtate, is unqueſtionable; and likewiſe 
that the calx of arſenic will unite to 
more air, is beyond a doubt, as ſhall pre- 
ſently appear. Thus then, the regulus of 
arſenic, having greater attraction to dephlo- 
giſticated air, and being likewiſe capable of 
uniting to a larger quantity than the calx, as 
being already nearly ſaturated with it, 
wholly decompoſes the nitre; and as a 
great number of the particles of dephlo- 
giſticated air unite with ſuch rapidity and 
accumulation, in a given time, the phe- 
nomenon of combuſtion is produced. 

When we take the calx, the reſult and 


appear- 
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appearances are different from the former; 
becauſe, being already combined with de- 
phlogiſticated air, it can only unite to a 
ſmall portion of it, and this it even attracts 
with leſs force than the quantity neceſſary 
to its calcination, Thus, it can take only 
a portion of its dephlogiſticated air from 
the nitre ; whereby, as has been already ex- 
plained, we obtain nitrous air, at the ſame 
time that no deflagration takes place. 
The phlogiſtians would explain the above 
facts by ſaying, that the different pheno- 
mena proceeded from phlogiſton. Does 
the calx of arſenic contain phlogiſton, un- 
combined to dephlogiſticatedair ? If it does, 
all the metallic calces contain phlogiſton. 
Can any reaſon be aſſigned for ſuppoſing 
the calx of arſenic to contain phlogiſton, 
but its property of uniting to more dephlo- 
giſticated air? Or, is the production of 
nitrous air a ſure ſign that the bodies that 
diſengage it, loſe their phlogiſton ? If ſo, 
the following facts are quite repugnant to 
it. The white calx of arſenic expoſed to 
heat, in a crucible, will decompoſe nitrous 
acid, and diſengage nitrous air very copi- 
ouſly, Thus, if nitrous acid in ſmall 

K quan- 
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tities be poured on it, from time to time, 
when every preceding portion takes due 
effect, the arſenic is acidified, In conduct- 
ing this proceſs, the fire ſhould be gra- 
dually increaſed, in proportion as the arſe- 
nic draws near a ſaturation with dephlogiſ- 
ticated air; for the violent ebullition that 
takes place, particularly in the beginning, 
fwells the charge, and puffs it over. The 
fumes ſhould likewiſe be guarded againſt. 
Marine acid, mixed with the nitrous acid 
in ſmall proportion, expedites this proceſs. 
If the acid of arſenic, thus prepared, be ex- 
poſed to a ſtronger heat than is neceſſary to 
its formation, it yields dephlogiſticated air, 
and the arſenic is reduced to the ſtate of a 

calx, and no fixable air is produced. 
If the nitrous air were compoſed of ni- 
trous baſis, and the vaſt quantity of phlo- 
giſton which the phlogiſtians ſuppoſe, the 
calx of arſenic muſt be deprived of a large 
portion of phlogiſton in the above proceſs ; 
and if the preſence of this phlogiſton were 
neceſſary to the reduction of the acid into 
| a calx again, how is it ſupplied? In my 
opinion, this is inexplicable in the phlogiſtic 
doctrine, unleſs we admit the hypotheſis 
8 of 


re 

of fixable air ; the fallacy of which, I flatter 
myſelf, my reader is already aware of. Mr. 
Kirwan would explain the above proceſs by 


_ faying, that the fixable air of the nitrous 


acid unites to the calx, at the fame time 
that its phlogiſton unites to the dephlogiſti- 
cated- baſis of the nitrous acid, and forms 
nitrons air; and that a ſtronger heat de- 
compoſes the fixable air, whereby its phlo- 
giſton remains attached to the calx, at the 


fame time that its dephlogiſticated air is 


expelled in an aerial ſtate. As this mode 
of „ WFtbe appears plauſible enough for 
equiyo!| 

circumſtance, But what correſpondence 
does it bear to other connected fats? A 
concatenation of facts, which regularly 
correſpond with each other, will always 
bring truth to light; although a number 
of facts ever ſo well underſtood or arranged, 
are ſeldom without a few, which may ſe- 
parately admit of a quibble, for thoſe who 
wiſh to confound truth with falſehood, 
either out of a ſpirit of obſtinacy, prejudice, 
or a defire of diſplaying their ingenuity. 
Hence ariſe ſo many theological controver- 
fies, as well as difference of opinion in 
» K 2 philo- 


tion, it may be adopted in this one 
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philoſophy. But happily for mankind, tie 
moſt ingenious projects, which the moſt 
fertile imagination can produce to ſuppreſs 
truth, generally appear, ſooner or later, as 
ſo many evidences in her favour, 


Having treated of the decompoſition of 
nitre, I am now to inquire into the nature 
of nitrous acid in its ſimple ſtate, In 


order to well underſtand the variety of 


changes which this acid is capable of under- 
going by the mediation of different ſub- 
ſtances, it will be neceſſary, firſt, to be 
acquainted with the force by which its 
conſtituent principles are united, | 

In my opinion, the pureſt nitrous acid 
contains 5 of dephlogiſticated to 1 of phlo- 
giſticated air. Nitrous air, according to 
Kirwan, contains 2 of dephlogiſticated to 
1 of phlogiſticated air. According to La- 
voiſier, 100 gr. of nitrous air contain 
32 gr. of phlogiſticated air, and 68 of 
dephlogiſtieated air. I am myſelf of the 


former philoſopher's opinion: I likewiſe 
am of opinion, that every primary particle 


of phlogiſticated air is united to two of 


dephlogiſticated air, and that theſe mo- 
lecules 
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lecules are ſurrounded with. one — 
atmoſphere of fire. 
Io render this more N let us 
ſuppoſe P to be an ultimate particle of 
phlogiſticated air, which attracts dephlo- 
giſticated air with the force of 3; let à be 
a particle of dephlogiſticated air, whoſe at- 
traction to P we will ſuppoſe to be 3 more, 
by which they unite with the force of 6: 
the nature of this a will be here. | 
after explained. | 

Loet us conſider this 


that can ſubſiſt be · 
tween dephlogiſticated | ig ori cot 

and phlogiſticated air. Let us ſuppoſe | 
another particle of dephlogiſticated air 6 to 
unite to P, they will not unite with the 
force of 6, but with the force of 4; ; that 
is, the whole power of P, which is but 3, 
will be equally divided and directed in two 
points towards 4 
and 33 fo that P 
and @ 6b will unite 
with the forces an- 
nexed to them ; for the attraction of @ and 
b to P meeting with no interruption, will 


K 3 ſuffer 


CF | 
ſuffer no diminution, This 1 conſider to 
be the true ſtate of nitrous air. Let us 
now ' ſuppoſe ano- Ls 
ther particle of de- 

; phlogiſticated air P. 
| 4 to unite to P, it 
will combine only 
with the force of 7 a 
4, whereby 4 5 c and P will nde 
toward one another. Such is the ſtate of 
the red nitrous yapour, or * drab Aa 
. 1 8 
Let us again a fppate found. parti or | 
dephlogiſticatedair bY 
d to combine with + 
P, it will unite only -' + _- 
with the force of P 
32. This J think 
is the ſtate of the 
pale or ſtraw-· co- 
loured nitrous a- 
cid. 50 | RK, j 
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Laſtly, let us ſuppoſe a fifth particle of 
dephlogiſticated 20.1406 11 
air e, to unite © , | 
Pp 6 wil OY 
combine with 


the force of 33, pz — 22 
ſo that a 6 c 8 TH) —2— 
d and e will N — 

each gravitate 2h VN * 


towards P as 
their common 


| 2 

centre of gravity, This is the moſt per- 
fect ſtate of colourleſs nitrous acid; and in 
my opinion no more dephlogiſticated air 
can unite to the phlogiſticated air, as 
having its whole force of attraction ex- 
pended on the particles of dephlogiſticated 
air, a6 c de. This illuftrates the na- 
ture of ſaturation, Thence we find that 
dephlogiſticated air is retained with leſs 
force in the perfect or colourleſs nitrbus 
acid, than in the ſtraw- coloured, or in 
the red, or in nitrous air. This ex- 
plains the eaſy ſeparation of dephlogiſtica- 
ted air from perfect nitrous acid, when ex- 
poſed to the ſun, or even to an artificial 
light or heat, at the ſame time that the 


K 4 { © nitrous 
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nitrous acid is coloured. If we expoſe 
nitrous acid in any other ſtate to the ſun, 
we do not obtain a particle of dephlogiſ- 
ticated air, but moſt frequently red nitrous 
vapour, 

If the red nitrous aq be a to the 
air, it emits red nitrous vapour, and: ac- 
quires a pale colour; becauſe nitrous: va- 
pour cannot take dephlogiſticated air from 
the pale, as the pale retains it with as great 
force as the red vapour attracts it. Nitrous 
air will deprive either the traw-coloured 
or colourleſs nitrous acid of a portion of 
their dephlogiſticated air. The former, as 
Dr. Prieſtley firſt obſerved, - acquires an 
orange colour, on combining with a por- 
tion of it; but, on uniting to more nitrous 
air, becomes green ; and laſtly, when ſatu- 
rated with it, acquires a red colour, and 
aſſumes the ſtate of vapour. Nitrous air 
will not deprive the red nitrous acid of any 
portion of its dephlogiſticated air, on the 
ſame principle that the red nitrous acid 


* Dr. Prieſtley found that dephlogifticated air was 
bales from nitrous acid, by paſſing the electric ſpark 
in a ſmall quantity of common air conſined in it. Vol. 
VII. p. 339. 1 

will 


1 

will not decompoſe the pale nitrous acid, 
or the pale, the colourleſs. 

Hence we find that nitrous air, though 
it cannot take dephlogiſticated air from the 
red nitrous acid, will take it from the pale; 
and likewiſe, although the red nitrous acid 
will not take dephlogiſticated air from 
the pale, that it will take it from the co- 
lourleſs. | 


If the colourleſs nitrous acid be * 0 


with water, it will preſerve its tranſpa- 
rency ; but the red nitrous acid treated in 
the ſame manner, will acquire a blueiſh 
green colour, Water in this cafe conden- 
ſes nitrous vapour ſo much, from its at- 
traction to it, that it has the ſame effect 
as if a portion of it had been expelled. 

Having premiſed thus much on the dif- 
ferent ſtages of nitrous acid, I ſhall now 
proceed to the decompoſition of it again, 
and endeavour to explain it in as few 
words as perſpicuity will allow me. 

If a metal be introduced into the red, 
pale, or colourleſs nitrous acid, it will be 
calcined, and nitrous air will be extricated ; 
that is, it will deprive the nitrous air of 
that portion of dephlogiſticated air neceſ- 

ſary 
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fry to its condenſation, or to the formation 
of nitrous acid. The metal deprives the 
particles of acid in contact with ät, of the 
whole of their dephlogiſticated air. The 
force of 7, with which we have ſuppoſed 
metals to attract dephlogifticated air, being 
fo much ſuperior to 3+ if we make uſe of 
the colourleſs, or to 3+ if we'nſe the pale, 
together with the number of ultimate fur- 
faces a metal muft preſent, deprives the 
phlogiſticated air (of the nitrous acid) of its 
dephlogiſticated air, with ſach quickneſs, 
that it is at once left deſtitute of both fire 
and dephlogiſticated air; but before it has 
time to collect an atmoſphere of fire, which 
would prevent a ſecond” union, it exerts the 
force of 3 on its neighbouring particle of 
acid, which as yet did not reach the me- 
tallic influence, and thereby recovers that 
portion of dephlogiſticated air neceſſary to 
the formation of nitrous air. 'This again, 
in paſſing in the acid, if it be the pale or 
colourleſs, will recover air ſufficient to 
form nitrous vapour, or red nitrous acid. 
Thus it is, when firſt a metal is introduced 
into the pale or colourleſs nitrous acid, 
though a ſolution takes place, that little or 

. . | no 


. 

no nitrous ait is produced, until the acid 
is coloured. As the metal, after it is calci- 
ned, requires red nitrous acid to hold it in 
ſolution (for perfect nitrous acid will not 
do, as ſhall hereafter appear], the nitrous 
acid, which the phlogiſticated air deprives 
of a portion * W air, unites 
to it. 

Tbe foregeing explanation may appear, 
at firſt ſight, more ſpeculative than real. 
But does not the decompoſition of nitre 
by metallic filings, whether theſe be de- 
flagrated in a red-hot crucible, or diſtilled 
by a more gentle and gradual heat in a re- 
tort, tend to confirm it? Is not the acid 
completely decompoſed here, whatever pro- 
portion of the materials be uſed? In this 
latter caſe, the metallic ſurface deprives the 
nitrous molecules, in contact with it, of 
the whole of their dephlogiſticated air ; 
by which the phlogiſticated air, as having 
no ſenſible attraction to the alkali, is diſ- 
engaged in its fimple ſtate, if uniting to 
fire be ſuch ; for its attraction to dephlo- 
giſticated air is not ſtrong enough to re- 
cover any portion of it from the joint ou 
of phlogiſticated air and alkali, 


Lin- 
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I introduced ſome iron filings, recently | 


prepared, into a mixtare of about 16 parts 
of water, and 1 of pale nitrous acid : when 
they ſtood ſome time, phlogiſticated air was 
produced, but not a particle of nitrous air. 
It may be proper to acquaint my reader, 
that I gueſſed the above proportion; hut as 
a variety of proportions will anſwer, the 
experiment cannot fail of ſucceſs. Here 
the few particles of the nitrous acid which 
come in conta& with the metal, are wholly 
deprived of their dephlogiſticated air; and 
as the phlogiſticated air is at too great 2 
diſtance from the molicules of nitrous acid, 
and as its attraction is too weak to decom- 
poſe water, it inſtantly colle&s atmoſpheres 
of fire, which defend it, in its paſſage 
through the ſolution, from the action of 
the dephlogiſticated air of the en 
acid. 

When firſt I made this e 1 
obtained inflammable air, which puzzled 
me very much; but recollecting that I 
purchaſed the acid at a common chemiſt's, 
I immediately ſuſpected what I afterwatds 
found to be true; for, on dropping the ſo+ - 
lution of ſilver in ſome of this acid, an im- 

mediate 
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mediate cloudineſs ſucceeded : FINES, 1 
was obliged to have recourſe to this method 
of purifying it. 

In order to ſeparate the whole of the 
marine acid from the nitrous acid, with- 
out an impregnation of nitrated ſilver, I 
would recommend both time and patience. 
A ſingle drop only of the ſolution of ſilver 
ſhould be uſed at a time, and the cloudi- 
| neſs of each drop ſhould ſubſide before 
another is addet. | 

This experiment not only confirms the 
foregoing explanation'of the decompoſition 
of nitre and'nitrous acid by metals, but 
likewiſe tends ſtrongly to confute the phlo- 
giſtic theory. Here the metal is calcined, 
and there is neither inflammable nor nitrous 
air produced. Let us add to this an expe- 
riment already deſcribed, viz. the ſolution 


of iron in volatile vitriolic acid, without 


the production of inflammable air; and the 
decompoſi tion of this again by nitrous 
acid, without the extrication of nitrous air or 
phlogiſticated air, though the metal is cal- 
cined. Let the phlogiſtians explain theſe 
two · laſt experiments on rational principles 


in their doctrine, and then I have done; 
unleſs 


( 


| unleſs they ſuppoſe that phlogiſticated air 
' Itſelf is a compound of phlogiſton and 
| ſomething elſe; and they might as well 
ſay, that the concrete matter of light in- 
flammable air, or of dephlogiſticated air, is 
a compound: beſides, there is no phlogiſti- 
cated air produced by decompoſing a ſolu- 
tion of iron in volatile vitriolic acid, by the 
' Nitrous acid. This experiment may be 
accounted for in the antiphlogiſtic anos 
in the following manner: 

The volatile vitriolic "acid, as has been 
already ſhewn, diſſolves the iron, By which 
it is reduced into its primary particles, 
and diſperſed through the ſolution. Nitrous 
acid dropped into this, mixes likewiſe in the 
ſolution ; and from the quantity of water 
which muſt neceſſarily be preſent in vola- 
tile vitriolic acid, and in nitrous acid, the 
ultimate molicules of both ſubſtantes are 
removed from one another; whereby only 
a ſingle primary particle of iron can meet 
only a ſingle molicule of nitrous acid, 

which can ſupply it with both dephlogiſti- 
cated air of calcination and acid of ſolu- 
tion ; and thus no nitrous air is produced. 


The 
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The multiplicity of ultimate ſurfaces, 
which are as if it were concentrated, or 
crowded into fo ſmall a compaſs in metals, 
from the nature of their texture, is the chief 
cauſe of the decompoſition of nitrous acid 
during their ſolution in it; particularly 
when the pale or colourleſs nitrous acid is 
uſed. Rr eos 
Mr. Lavoiſier, to whom we are chiefly 
indebted for reducing this uſeful ſcience 
into a rational ſyſtem, and expelling that 
gloom which had overwhelmed it for all - 
ages paſt, took . 945 gr. of nitrous acid, 
whoſe ſpecific gravity was 1,316, and to 
this he added 1104 gr. of mercury *. The 
whole of the mercury was diſſolved, and he 
obtained 273, 234 cubic inches of nitrous 
air, He afterward expoſed the mercurial 
falt to a red heat, and obtained from it 
287,742 cubic inches of dephlogiſticated 
air, at the ſame time that the mercury was 
revived. 8 

Mr. Lavoiſier juſtly drew the following 
concluſions from the above experiment: 


1ſt, That the weight of the airs produced 


1 Mem. Par. 1776, p. 670. 
2 a g 
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gave the weight of the real acid contained 
in 945 grains of ſpirit of nitre, whoſe ſpe- 
cific gravity was 1,316. 2d, That nitrous 
air was a conſtituent principle in nitrous 
acid; and that its production merely de- 
pended upon a portion of - dephlogiſticated 
air being withdrawn from it, as it formed 
nitrous acid again on the reſtoration of its 
dephlogiſticated air. Laſtly, That the mer- 
cury loſes nothing; but that its calcination 
depended ſolely upon its union to dephlo- 
giſticated air, as it had been revived by the 
mere expulſion of it again. 

Mr. Kirwan objects to theſe concluſions &, 
1ſt, Becauſe the whole of the acid could 
not be decompoſed, as a portion muſt have 
neceſſarily paſſed over during the diſtilla- 
tion of the mercurial ſolution. 2dly, Be- 
cauſe it had not been proved by Mr. La- 
voiſier, that the nitrous air was not produ- 
ced at the expence of one of the conſtituent 
principles of the mercury. 3dly, As the 
ſame quantity of nitrous acid had not been 
produced by the re- union of both airs, and 
as there had been an exceſs of one of them. 


1 do 
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I da not ſee the force of the firſt of theſe ob- 
jections 3 for what does it avail whether the 
acid was in part, or wholly decompoſed ? 
The only inference that can be drawn from 
it, is, that the ſpirit of nitre uſed contained 
more real acid than Mr. Lavoiſier or Mr. 
Kirwan, himfelf ſuppoſed; or, that the airs 
contained more water thanfthey imagined, 
or: ſomething, elſe which did not exiſt in 
the ſpirit! af gers, and which of courſe the * 
metal. muſt, impart. But Mr. Kirwan 

allows, that the airs do not acquire any 
additional weight from 3 mercury; for 
he ſays “, The weight of the acid actually 
combined, with the mercury during the ſo- 
lution, maſt agree with that of the airs ob- 
tained; for, though the phlogiſton of the 
nitraus air was taken from the metal, and 
therefofe foreign to the acid, yet, as the me- 
tal was at laſt revived, it muſt have taken 
from ths acid as much bien as it gave 


to it.“ 
Mr. Kirwan's ſecond objection is cer- 
tainly the only loop-hole left for the phlo- 
_ * and for that reaſon requires 
e 5 p 
6 Eſlay on Phlogiſton, page is | 
L the 
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is ſtricteſt ſerutiny. He Fyppoſts, as I 
have already obſerved, and 28 1 all men- 
tion here in a few words, chat the mercury 
gives up its phlogiſton to the nitrous bafis, 
by which it is cofverted into nittous ait, at 
the ſame time that the fixable air of the ni- 
tfous acid unites to the metallic bafis and 
forms a calx. He likewiſt diſpoſes of ano- 
ther portion of phlogiſton, by ſaying, that 
it decompoſes part of the nitrous baſis, and 

forms fixable air by uniting to its dephlo- 
giſticated air. The remainder of the phlo- 
giſton, as he ſuppoſes, combines both with 
19 grains of phlogiſticated acid that come - 
over uncombined, and with the compound 
of acid and calx. After thus diſtributing 
the quantity of phlogiſton contained in the 
metal (and indeed he might have contrived 
to diſpoſe of as much again in the ſame 
manner), he ſuppoſes that the fixable air 
is decompoſed during the revival of the 
mercury; and that its phlogiſton unites to 
the metallic hafis, at the ſame time that its 
dephlogiſticated air is expelled in its ſimple 
acrial ſtate. But, as the quantity of phlo- 
giſton in the fixable air is not equal to the 
quantity the mercury gives out in order 
to 


_ I. 

to become calcined, and of courſe inſuffi- 
cient to revive the metallic baſis, he con- 
trives to have this deficiency ſupplied by 
that portion combined with the acid and 
calx. This is Mr. Kirwan's opinion, and I 
muſt confeſs I do not ſee how he can juſtify | 
it. Therefore, convinced that his method of 
ſupporting this hypotheſis carries with it 
no fort of conviction, to avoid prolixity, I 
ſhall not enter into a detail of it, but refer 
my reader to the author's own words *, 

Mr, Kirwan's calculating the quantity of 
phlogiſton contained in the ingredients uſed 
in the above experiment, does not in the 
leaſt tend to prove the preſence 'of the 
ſmalleſt quantity of phlogiſton, or the mat- 
ter of light inflammable air. It is a very 
eaſy matter to make numbers agree with 
what never exiſted but in imagination. 

The hypotheſis of fixable air being de- 
monſtrably erroneous, the phlogiſtic doc- 
trine appears very defective in the above ex- 
periment. The phlogiſtians muſt actually 
acknowledge, that cither the metal or the 
nitrous air contains no phlogiſton. 


* Eſſay on Phlogiſton, pages 67-89. 
L 2 | . 
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If nitrous air were compoſed of nitrous 
baſis, ſaturated with phlogiſton, how comes 
it to paſs that metals are calcined in it? 
Dr. Prieſtley fuſed ſome iron in 3 
air; it calcined and increaſed in weight, and 
nothing but phlogiſticated air remained *. 
Mr. Kirwan explains this experiment by ſay- 
ing, that the dephlogiſticated air of the ni- 
trous air unites to both the phlogiſton of the 
metal and to that contained in the nitrous air 
itſelf, and forms water, which unites to the 
metallic baſis. Here he ſuppoſes a calx to be 
formed by the union of water to the metal, 
and in other .circumſtances by the union of 
fixable air. bo this conſiſtent ? 122 gr. of ni- 
trous air, according to Mr, Kirwan, contain 
22 gr. of phlogiſton, 66,26 gr. of dephlo- 
giſticated air; or, to make a good allow- 


ance for it, let us ſay. 68 gr. and the re- 


mainder is phlogiſticated air. By this, the 
proportion the dephlogiſticated bears to 
the inflammable air, is nearly as 3 to 1, 
According to Mr. Lavoiſier, the propor- 
tion of dephlogiſticated air in water, is to 
the inflammable air as 7 to 1 ; and indeed, 


vi. Pr. 304. | 
agreeable 
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agreeable to all. min it is at leaſt 6 
to 5% 1115 . 

Therefore, Jeping aide the 3 of 
the metal, after the condenſation of the 
dephlogiſticated air into water, we ſhould 
have a large reſiduum of inflammable air in 
the above experiment. Beſides, if metals 
be ſaturated with phlogiſton in their perfect 
ſtate, they muſt either part with it on unit- 
ing to water, or elſe, by the joint attraction 
of it, and the metallic baſis, unite with de- 
phlogiſticated air ſimply, and leave the whole 
of the phlogiſton of the nitrous air behind. 

The ſame excellent philoſopher reduced 
nitrous air, by taking the electric {| park in it 
to + of its bulk; nitrous acid was produced, 
and the reſiduum was phlogiſticated air. At 
another time he reduced nitrous air to + of 
its original bulk by the electric ſpark, 
and the reſiduum contained + of nitrous 
air “. He likewiſe, in one experiment, 
reduced one and a half meaſure to 0,4 of a 
meaſure, by electric exploſions taken in a 
veſſel of mercury, with water on the ſur- 
face of it. The water was acid to the taſte, 
and his iron conductor was partly diſſolved. 

Vol. vi. p. 312. 
L 3 | Mr, 
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Mr. Kirwan explains theſe experiments, 
by ſuppoſing, that the dephlogiſticated air 
unites to the phlogiſton of the nitrous air, 
and forms water; and that the nitrous acid 
produced was originally formed and ſuſ- 

pended in the air. From what I have al- 
ready ſaid, it appears, if nitrous air contain- 
ed phlogiſton, we ſhould have a reſiduum 

of inflammable air in theſe experiments, as 

not containing dephlogiſticated air enough 
(according to Mr. Kirwan's own calcula- 
tions), atleaſt by +, to convert the whole of 
the phlogiſton into water. July 17871 repeat- 
ed the above experiment (with a view dif- 
ferent to the preſent); and, after paſſing the 
nitrous air in cauſtic volatile alkali, reduced 
it by repeatedly taking the electric ſpark in 

it to about 2 of its bulk, nitrous acid was 4 
produced, and the refiduum was pure phlo- 
giſticated air. Having narrowly attended 
to this experiment, I was at that time in- 
duced to ſuppoſe, but am now fully con- 
vinced, that nitrous acid is formed here in 
conſequence of a decompoſition of part of 
the nitrous air, whereby the remainder is 
furniſhed with dephlogiſticated air, and ſo 
forms nitrous acid, at the ſame time that 
| giſticated 


„ 
the phlogiſticated air of that portion of de- 
phlogiſticated air that forms the new com- 
pound, remains ſingle and alone. When- 
ever Dr. Prieſtley diminiſhed nitrous air by 
fuſing iron in it, no acid (as he obſerves) 
was formed. He likewiſe found, that mi- 
nium could not be reduced by the heat 
of his burning lens in nitrous air *. 
If the quantity of phlogiſton, which Mr. 
Kirwan ſuppoſes, exiſted in nitrous air, 
metallic calces ſhould. be revived in it ; 
but, on the contrary, metals are calcined 
in it. This muſt be very unfavourable to 
Mr. Kirwan's doctrine, for the ſuppoſition 
that nitrous air retains, as one of its conſti- 
tuent principles, the phlogiſton of the me- 
tal, is the whole ſupport of his theory; as, 
by this, he is enabled to ſay, that the fix- 
able air is decompoſed by giving up its 

phlogiſton to the metal, whereby we obtain 

dephlogiſticated air in its ſimple aerial ſtate. 
But if the metal fhould not loſe its phlo- 
giſton, fixable air cannot by any means be 
ſuppoſed to be decompoſed ; and of courſe, 
if it were one of the conſtituent parts of 
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nitrous acid, it ſhould be ôbtaĩned from the 
calx in its natural ſtate. Indeed, if we 
compare the quantity of fire diſengaged, 
during the union of dephlogiſticated air 
and light inflammable air, or the heavy in- 
flammable air, or even the ſolid matter of 
charcoal, ſulphur, and phoſphorus; to that 
developed during the rapid unt of 
nitrous air and dephlogiſticated air, 
ſhall not heſitate a moment to ſay, — it 
unites in this latter to a ſubſtance quite 

+ different from either of the former ſub- 
ſtances, and that the compound ãs of a dif- 
ferent nature. Dr. Prieſtley found, that nĩ- 
trous air, confined above a year im Sontact 
with iron ſtanding in water, was reduced, 
and that the reſiduum was phlogiſticated 
air*, I have expoſed nitrous air to iron 

filings and water for three montlis; it was 
_ diminiſhed nearly 5, and Wot a 
candle. 4 ; 

It is very well lies, that i iron epos 
to water alone will produce inflammable 
air ; then if nitrous air were compoſed of 
light inflammable air, dephlogiſticated air 
and phlogiſticated air, we ſhould roy 

e. 11. p. 177. l 
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re-phlogiſton, or light inflammable air, in 
the bove experiment, 
it not contrary to all laws, ſo * as ex- 
perience has enabled us to judge, to ſup- 
poſe that iron, if it were ſaturated with 
phlogiſton, ſhould give it out in contact with 
water, which is compoſed of dephlogiſti- 
cated air and light inflammable air, at the 
ſame time that, expoſed under the ſame cir- 
cumſtances to an aerial compound of light 
inflammable air, dephlogiſticated and phlo- 
giſticated air, it ſhogld abſorb an additional 
quantity of phlogiſton? This likewiſe ap- 


pears the more extraordinary, when we find 
that iron,'and other metals, unite in the dry 


way to aſufficiency of dephlogiſticated air to 
ſaturate them; which ſhews, if they attract 
it in conſequence of phlogiſton, that they 
contain phlogiſton enough of their own, 
without the aſſiſtance of foreign phlogiſton. 
Hence I ſhould ſuppoſe, that iron could 
not influence the phlogiſton of nitrous air; 
or if it ſhould attract it and dephlogiſticated 
air jointly, that it muſt part with its own 

phlogiſton. | F 
This circumſtance alone of metals with- 
drawing dephlogiſticated air from nitrous 
air, 


( w4) 
air, and leaving only phlogiſticated air be- 
hind, proves that either the metal or the 
nitrous air contains no phlogiſton; and in- 
deed, in addition to other adduced facts, it 
convinces me, that neither contains a par- 
ticle of the matter of light inflammable air, 
It is now very well known, that hepatie 
air is compoſed of light inflammable air 
and ſulphur. If equal parts of hepatic air 
and nitrous air be mixed, they will contract 
to more than + of their. bulk. Sulphur will 
be precipitated, and the reſiduum is de- 
phlogiſticated nitrous air; which, as ſhall 
hereafter appear, contains no ſuch thing as 
phlogiſton. Is it reaſonable to ſuppoſe, 
that hepatic gas ſhould take light infleam- 
mable air, or phlogiſton, from the nitrous 
air, when it is already ſaturated with what 
they call phlogiſton ? Dr. Prieſtley likewiſe - 
reduced nitrous air to more than one half. 
by expoling Homberg's pyrophorusmo it, 
which had taken fire in it, and tho reſcluum 
was dephlogiſticated nitrous air, and. no 
acid was produced. Theſe facts tend iii 
ly to prove, that nitrous air does ng 5 | 
tain the matter of light inflammables 
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Mr. Kirwan's third and laſt objection 
does not appear to me to be of ſuch moment 
as the former. It is true, as this philoſo- 
pher obſerves, there had been an exceſs of 
dephlogiſticated air produced: I mean by 
exceſs, a greater quantity than the nitrous 
air obtained could condenſe in the ordinary : 
way of mixing them. | 

The quantity of nitrous air obtained was 
273,234 cubic inches, or 101,09 gr. 
and the dephlogiſticated air amounted to 
287, 743 cubic inches, or 97,83 gr. The 
above quantity of pure nitrous air contains 
91,78 cubic inches of phlogiſticated air, and 
182,156 cubic inches of dephlogiſticated 
air, which, in addition to the quantity ex- 
pelled from the calx, make 469,898 cubic 
inches of dephlogiſticated air; which, ſub- 
tracting 14,512 cubic inches from them, 
make five of dephlogiſticated air to one of 
phlogiſticated air, being the exact propor- 
tion of perfect nitrous acid. | 
By theſe calculations I find, if Mr. La- 
voilier uſed perfe& nitrous acid, that the 
exeofy of dephlogiſticated air is not ſo great. 
as Mr. Kirwan imagines. Before we at- 
eh to judge of the exceſs of dephlo- 
*S. I gilticated 
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gilticated air, in the above experiment. 
the quantity of phlogiſticated air mixed 
with both the airs ſhould have been firſt 
aſcertained, by which we might eſtimate the 
quantity of nitrous air this would form. 

Mr. Kirwan ſeems to make no allow- 
ance for this, though he acknowledges that 
phlogiſticated air is diſengaged, which 
partly mixes with the nitrous air, and part- 
ly unites to the fixable air combined with 
the calx; which, he ſays, is partly decom- 


poſed during the decompoſition of the fix- 


able air by the revivification of the mercu- 
ry. *. I do not underſtand what he means 
by the decompoſition of phlogiſticated air, 
for it has not, to our knowledge, been as 
yet decompoſed. Mr. Kirwan likewiſe men- 
tions, that during the decompoſition of nitre 
{er ſe} a portion of the phlogiſticated air 
is decompoſed and burned, without any far- 
ther information on the ſubject. If he can 


decompoſe this, he certainly will do more 
than I at preſent ſuſpect. 


Taking the foregoing circumſtances into 


. conſideration, by what I can infer from Mr. 


0 . on Phlogiſton, p. 69. 
Lagvoiſier's 
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Lavoiſier's experiment, together with my 
own obſervations on the ſame ſubject, I 
think both the combined and uncombined 
phlogiſticated air muſt be to the dephlogiſ- 
ticated as one to four, which is the portion 
of the pale nitrous acid. Can this be called 
an exceſs ? Nitrous air is allowed to contain 

one of phlogiſticated to. two of dephlogiſ- 
ticated air: pure nitrous air will readily 
unite with half its bulk of dephlogiſticated 
air, and form the orange coloured nitrous 
acid. Every 54 gr. of this acid contain, 
including the water which the airs hold in 
ſolution, 41,655 gr. of dephlogiſticated air, 
and 12, 335 gr. of phlogiſticated air. There- 
fore it contains 5 grains in 24 more than 


the red nitrous vapour does. Theſe pro- 


portions differ widely from thoſe of the 
perfect nitrous acid, which ſhews, though 
nitrous air will not readily unite to more air 
in the ordinary way than the proportion 
mentioned above, that it will in time con- 
denſe a larger quantity, Analogous to this 
is the formation of vitriolic acid; for ſul- 
phur will not combine during its combuſ- 
tion with much more dephlogiſticated air 
than is ſufficient to convert it into volatile 
vitriolic acid, but in time, by help of water, 
heat, 
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heat, and expoſure to air, it abſorbs a ſuffi - 

cient quantify to form perfect vitriolic acid. 
Red nitrous acid expoſed to dephlogiſti- 

cated air, will gradually abſorb it, and in 


time, if ſupplied with a ſufficient quantity 
of it, will become colourleſs. I repeated 
this experiment to my ſatisfaction in the 


year 1786, I do not claim the originality 


of it; it is to Dr. Prieftley we are in- 
debted, as well forjthis, as for his many 
other valuable experiments. The ſame 


- philoſopher found, that fuming ſpirit of 


nitre, which is not the moſt perfect, phlo- 
giſticates, as he is pleaſed to call it, common 
air x. He likewiſe obſerves, that the co- 
lourleſs nitrous vapour will not affect de- 


phlogiſticated air, or vitiate common air . 


I expoſed dephlogiſticated air to the perfect 
nitrous acid for three weeks, and it was not 
in the leaſt changed. I found, that the red 
nitrous vapour will diminiſh common air, 
but not ſo readily as the red nitrous acid. 
Though the perfect nitrous vapour will not 
diminiſh dephlogiſticated ait, yet it has the 
reverſe effect, for it will readily contract 


nitrous air. This ſhews that it is fully 


+ Vol. II. P- 165. 
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ſaturated with dephlogiſticated air, and 
is: in the ſtate already deſcribed. Dr. 
Prieftley found, that - melted nitre abſorbs 
dephlogiſticated air“. A ſolution of Mitre, 
which had been melted, likewiſe ab- 
ſorbed dephlogiſticated air. I have ſhewn, 
that nitre and vitriolic acid, heated toge- 
ther, abſorb dephlogiſticated air, whereby 
we obtain the moſt perfect nitrous acid. 
Hence it is evident we are not raſhly to 
conclude, that, becauſe dephlogiſticated and 
nitrous air will only unite in certain 
proportion, the compound will not take 
in more dephlogiſticated air under more fa- 
vdurable circumſtances. Theſe are my 
reaſons for differing from Mr. Kirwan, in 
his objections to Mr. Lavoiſier's concluſions 
reſpecting the decompoſition of nitrous acid 
by mercury. 

As moſtly all animal and vegetable ſad. 
ſtances, which have an affinity to pure air, 
decompoſe nitrous acid on the ſame prin- 
ciple with the metals, I ſhall paſs them 
over in filence, except the two following. 
Charcoal does not decompoſe nitrous acid, 
even by help of digeſtion ; the acid may 
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be expelled from it in. whitiſh fumes. It ĩs 

extraordinary, if nitrous air be produced in 
conſequence of phlogiſton, tliat it is not ob- 
tained in the above proceſs; for the baſis 
of nitrgus air will take phlogiſton from the 
metals, and the metals will take it from 
charcoal ; which proves, that metals, if they 
do contain phlogiſton, hold it with greater 
force than charcoal. In ſhort; almoſt the 
whole of charcoal is phlogiſton, if ſuch we 
may call a ſubſtance which will wholly 
unite- to dephlogiſticated air, or, in other 

words, burn. a $13 0317 

It is true it may be ſaid, that the attrac- 
tion of the metallic baſis to the fixable air 
of the nitrous acid, enables the nitrous ba- 
fis, by virtue of a double affinity, to combine 

with its phlogiſton during the ſolution ; 
and that there is nothing in charcoal to at- 
tract the fixable air. In anſwer to this, I 
would obſerye, that the production of ni- 
trous air by oils and ſpirits of wine and 
turpentine, contradicts ſuch an hypotheſis; 
for they contain nothing to attract fixable 
air, and they even produce uncombined fix- 
able air, which ſtrongly proves, if nitraus air 
contains phlogiſton, that it can expel fix- 
able 


( 
able air from its baſis, i in Fonlſequepes of its 
ſuperior affinity ta it. 

I have already ſhewn the difficulty o of 
uniting charcoal to dephlogiſticated air, - 
notwithſtanding their ſtrong affinity to each 
other; and that this proceeds from the 
aggregate attraction of charcoal. I have 
likewiſe obſerved the neceſſity of applying 
heat ſufficient to overcome this attraction, 
in order to combine charcoal with dephlo- 
giſticated air; and I think this is the moſt 
reaſonable mode of accounting for the 
above experiment. 

The carbonaceous matter is held i in che- 
mical ſolution, in oils and ſpirit oſ wine, 
by light inflammable air, water, and a ſmall 

quantity of fixable air; therefore two ſub- 
ſtances contribute to the decompoſition of 
nitrous acid in oils and ſpirit of wine, 
by which we obtain fixableair, phlogiſticated 
air, and nitrous air, at the ſame time that 
water is likewiſe formed. 

Mr. Prouſt found, that ſtrong nitrous 
acid will ſet fire to charcoal, if it be ren- 
dered very dry *, He likewiſe remarked, 
that charcoal expoſed a few hours to the 
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air, after calcination, was unfit for the expe- 


riment. Charcoal, as Mr. Prouſt well ob- 
ſerves, attracts moiſture very forcibly. 
Therefore, the firſt effe& of the charcoal on 


the nitrous acid, is to withdraw a portion 


of its water from it, by which it is rendered 
highly concentrated, at the ſametime that the 
condenſation of the water heats the charcoal 
in a ſmall degree, but ſufficiently to vola- 


tilize a nitrous vapour; which as ſoon as it 


reaches that portion of dry charcoal next 
the humid part, is condenſed by it, and 
generates heat enough to promote the de- 
compoſition of the nitrous acid, Hence 
we find, why the experiment will not 
ſucceed if the acid be MP on the ſur- 
face of the charcoal. 

The effect of nitrous acid on blood is 
very ſingular; and though it has not much 


to do with what we are upon at preſent, 


yet, hoping that any fact relating to ſo 
intereſting a ſubje&t may be acceptable to 
my reader, I ſhall give as brief an account 
of it as I can. 

Two parts of blood procured freſh at the 
butcher's, one of ſtrong nitrous acid, and 


about + of the whole of water, were di- 
geſted 
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geſted in the heat nearly of boiling water 
(freſh portions of water being occaſionally 
added), until the whole of the acid was 
expelled, when it acquired nearly the co- 
lour, and exactly the taſte, of bile. When 
mixed with a large quantity of water, it 
acquired a fine yellow colour; and, on 


ſtanding, depoſited a ſubſtance of a brighter 


yellow, though the ſapernatant liquor (till 
retained a yellow colour, and bitter taſte, 
but not fo intenſely as when the precipi- 
tate was ſuſpended in it. 

The different ſtages of this proceſs were 
well worthy of obſervation. No nitrous 


air was produced, and the acid was expelled 


in the ſtate of a white vapour. I taſted the 
liquor at different periods of the proceſs, 
and was highly pleaſed at the gradual pro» 
greſs of the bitterneſs in proportion as the 
acidity vaniſhed. About the middle of the 
proceſs the ſolution firſt taſted acid, but was 
quickly ſucceeded by a bitter ſenſation, 
It appears to me that the nitrous acid took 


dephlogiſticated air from the blood; for 


though I uſed the red nitrous acid, it was 
expelled in a perfect ſtate, At this time 

had not leiſure to make any farther in- 
| M 2 _ quiries 
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quiries into this ſubject, being buſy'in at- 
ing at a public courſe of chemiſtry, at Ox- 
ford; nor have I had ſince an opportunity 
of enjoying the pleaſure I then promiſed 
myſelf in ſo intereſting an inveſtigation. 

I think a ſeries of experiments made on 
this ſubject, could not fail of being pro- 
ductive of ſome benefit to mankind; For 
how .can chemiſtry be better applied than 
in thoſe inveſtigations, which may tend to 
throw light on the different Oo inci- 
dent to man ? 

Dr. Prieſtley has diſcovered a ſpecies of 
nitrous air which ſupports combuſtion, de- 
ſtroys animal life, and is condenfible in water. 
This he has called dephlogiſticated nitrous 

- air. I confider dephlogiſticated nitrous air 
to be the laſt ſage of nitrous acid, and to 
be leſs underſtood than the four preceding. 

I expoſed four equal quantities of nitrous air 
in different tubes, to a nearly equal propor- 
tion of iron and water. In three weeks the 
air was diminiſhed 2, and the refiduum 
extinguiſhed a candle, and reduced common 
air, In three weeks more it was reduced 
about 2, and the reſiduum ſuffered 2 can- 


dle to burn in it faintly. When it ſtood a 
fort- 
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fortnight longer, the diminution was nearly 
+ of its bulk, and a candle burned in the 
reſiduum with an enlarged flame. I let 
the other tube ſtand until the air contracted 
to more than J of its original bulk; the 
reſiduum was phlogiſticated air, and had 
the ſmell of volatile alkali. - From the pro- 
greſs of theſe experiments, I did not heſitate 
to conclude, but that which is. called de- 
phlogiſticated nitrous air, is common ni- 
trous air, deprived only of a'portion of its 
dephlogiſticated air. Dr, Prieſtley found 
that nitrous air; which ſtood in contact 
with iron and water for four months, ex- 
tinguiſhed a candle *. He likewiſe found 
that a candle burned with an enlarged flame 
in nitrous air which had been in contact 
with iron, over mercury, about fix months. 
The ſame philoſopher found that nitrous 
air expoſed to liver of ſulphur for a. day 
was diminiſhed g of its bulk; a candle 
burned in the remainder with an enlarged 
flame, and it was not in the leaſt dimi- 
niſhed by nitrous air +. I have frequently 
obſerved that nitrous air, when reduced to 


* Vol. II. p. 177. + Vol. II. p. 178. 
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Jof its bulk, always admitted a candle to 
burn in it with an enlarged flame; but that 
in proportion as it got below this ſtandard, 


it ſupported flame ſo much the worſe, until 


it was reduced nearly to 3, when it extin- 
guiſhed a candle, 

Theſe facts leave no room to doubt, but 
that dephlogiſticated nitrous air contains 
leſs dephlogiſticated air than the common 
nitrous air. 

Dr. Prieſtley found that crak ſmall 
needles expoſed to nitrous air, confined in 
dry mercury, did not in the leaſt diminiſh 
it, though they had ſtood fix or eight 
months in the ſame ſtate. But when he 
introduced a few drops of water, the air 
was diminiſhed in a few days, and conti- 
nued ſo to do until + diſappeared, and the 
reſiduum was dephlogiſticated nitrous air *. 
He likewiſe found that a quantity of nitrous 
air which had been expoſed nine months to 
iron filings, over mercury, was diminiſhed _ 


2, and a candle burned in the remainder, 


better than in'common air, though a mouſe 


dicd in it, Theſe two experiments ſhew 


* Vol, VI. p. 316. | 
that 


» 
„ 
that moiſture promotes the decompoſition 
of nitrous air. For, iſt, when the materials 
were perfectly dry, no ſenſible change took 


place in the nitrous air. zdly, When wa- 


ter was added, the abſorption took place 
very ſoon, 3dly, When leſs moiſture was 
uſed, the decompoſition went on very flow. 
Hence it appears that the water is decom- 
poſed, and that its dephlogiſticated air 
unites to the meta], at the ſame time that 
the dephlogiſticated air of the nitrous ais 
combines with the inflammable air, at the 
very inſtant of its liberation, and rege- 
nerates water, I have already rather con- 
jectured on what principle this laſt union 

takes place, | | 
It is very well known that iron, when 
expoſed to a very dry atmoſphere, does not 
ruſt; and likewiſe that iron confined in 
water will yield inflammable air, though it 
will produce no inflammable air when ad- 
vantageouſly expoſed both to water and de- 
phlogiſticated air. Thus iron filings and 
ſulphur wetted with water, and expoſed 
to dephlogiſticated air, will yield little 
or no inflammable air, until the whole 
of the dephlogiſticated part is nearly ab- 
; M 4 ; ſorbed, 
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forbed, and then inflammable air is prov 7 
duced in abundance, Dr. Prieſtley re- 
ſolved dephlogiſticated nitrous air into 
its conſtituent principles, viz. phlogiſ- 
ticated and dephlogiſticated airs, by heat - 
ing bits of dry crucibles in it“. He like- 
wiſe rendered this air wholly immiſcible 
with water, by paſſing the electric ſpark in 
it, and it was of the ſtandard of 1,45. I 
repeated this experiment with a view to the 
preſence of fixable air, and inflammable 
air, but I could not detect a particle of 
either. It is evident from the correſpond- 
ence of theſe facts, that nitrous air and 
the dephlogiſticated nitrous air are com- 
poſed only of two principles, namely, phlo- 
giſticated and dephlogiſticated air, and that 
they only differ in the proportion of theſe; 
and likewiſe that neither contains a particle 
of light inflammable air, or fixable air. 
It is the opinion moſt generally received 
from the formation of volatile alkali, 
during the diminution of nitrous air, by 
iron and water, that the property of de- 
phlogiſticated nitrous air proceeds from a 
condenſation of a portion of its phlogiſti- 


* Vol. VI. p. 332. | 
a cated 
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cated air. I was inclined to this myſelf ; but 
| when I conſidered the greater number of ſur- 
faces which the dephlogiſticated air muſt ex- 
poſetotheiron, than the phlogiſticated, being 
in the proportion of two to one; together 
with the greater affinity of dephlogiſticated 
air to inflammable air than the phlogiſti- 
cated, I began to be in ſuſpenſe. It is true, 
a portion of phlogiſticated air is condenſed, 
but the quantity is trifling in compariſon 
to that of the dephlogiſticated air; for gene- 
rally + of the bulk of a quantity of nitrous 
air is left unabſorbed, which is nearly the 
whole of its phlogiſticated air. There is 
no volatile alkali formed during the com- 
buſtion of Homberg's pyrophorus in ni- 
trous air, for it contains nothing to condenſe 
phlogiſticated air, and yet the reſiduary air 
after the combuſtion is dephlogiſticated 
nitrous air. The ſame may be obſerved 
with reſpect to the contraction of nitrous 
air, by liver of ſulphur: it can neither 
withdraw phlogiſticated air nor light inflam- 
mable air from it, and yet there is a reſi- 
duum. of dephlogiſticated nitrous air ob- 
tained, when the air is diminiſhed 2. The 

5 progreſs 
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progreſs of this laſt experiment may atteſt | 
the truth of what I ſay. 


Indeed the method of procuring dephlo- 
giſticated nitrous air, by the ſolution of 
metals in nitrous acid, fayours the foregoing - 
notions; for we can never obtain dephlo- 
giſticated nitrous air from nitrous acid, 
until it is nearly ſaturated with a metal; 
and then by introducing more of the ſame 
meta], or a different metal, we obtain de- 
Phlogiſticated nitrous air. 

In order to underſtand this, we muſt 
firſt conſider, that the nitrous acid which 
holds the metallic calx in ſolution, is in 
the ſtate of red nitrous ,acid; or rather 
more imperfect. Therefore, though the 
metal deprives the acid of ſolution in con- 
tact with it, of the whole of its dephlo- 
giſticated air, yet the particles of phlogiſti- 
cated air recover a portion of it again 
from their neighbouring particles of acid, 
on principles which I have r en- 


deavoured to explain. 


To render this the more perſpicuous, 


let us ſuppoſe the acid of ſolution to be 
P 4 


( "71 ) 
Pabe. Letabe 
be its portion of 
dephlogiſticated air, I 
combined with the 
annexed forces; if 
a metal be introdu- os 
ced into ſuch ſolution, it will deprive P of 
a b c; then P being in contact with another 
particle of acid of ſolution, will inſtantly 
deprive it of either 4 or 6 or c. I ſhould ſup- 
poſe, from what has already been ſaid on 
this ſubject, that it would be ſuperfluous 
to explain here, why P cannot unite to 
aborbc, I have ſhewn above, that the 


& 


conſtituent principles of the new compound 


P—6—2,- or dephlogiſticated nitrous air, 

are united with the force of 6. | 
It may at firſt fight appear, that a metal 
introduced into the red nitrous acid in its 
ſimple ſtate, ſhould on this principle pro- 
duce dephlogiſticated nitrous air. But be 
it conſidered, that though a particle of 
phlogiſticated air can only take one par- 
ticle of dephlogiſticated air from a ſingle 
molecule of acid; yet that another molecule 
in its vicinity will ſupply it with another 
particle of dephlogiſticated air, by which 
| perfect 
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perfect nitrous air is formed, This cannot 


take place in the metallic ſolution; for when 
once P is ſupplied with a, its power of at- 


tracting more dephlogiſticated air is ſo di- 


miniſhed as to be equipoiſed, even by the 
weak attachment of the acid of ſolution to 


its ſuſpended metal, 
Having thus endeavoured to "FR the 


nature of perfect and imperfe& nitrous airs, . 


for ſuch I ſhall for the future take the li- 
berty of calling them; we can readily ac- 


count to a degree of certainty, why theſe 
do not affect each other when W Let 
2-6 —a be imperfect p 
nitrous air, and P—a 

—b perfect nitrous air ; 

if theſe be mixed, P—a cannot take 4 
or 6 from P, for P retains them both 
with as great force as P- can attract 
either. Why this ſpecies of air is more 
ſoluble in water than the perfe& nitrous 
air, is what I cannot account for, unleſs it 
be from the ſmallneſs ofits atmoſpheres of 


fire, which admit the molecule of air to 


come within the gravitating influence of 
the water. It is rather remarkable, that 


the 


- 


(us 5 
the imperfect nitrous air ſhould favour com- 
buſtion, when the perfect nitrous air, 
though it contains more dephlogiſticated 
air, has the reverſe effect. It is likewiſe 
very ſingular, that the perfect will unite to 
more dephlogiſticated air in a common 
temperature, and that the imperfect will 
not, though it has greater attraction to 
dephlogiſticated air than the former. 

That the red nitrous vapour, which con- 
tains much more dephlogiſticated air, with 
leſs force than the two former, ſhould not 
favour combuſtion, is ſtill more ſingular. 
Again, why Homberg's pyrophorus, as has 
been obferved by Dr. Prieſtley, will burn 
in perfect nitrous air, and not in the im- 
perfect, is difficult to be accounted. for * 
unleſs it proceeds from a better ſupply of 
moiſture by the one, than by the other. 

As theſe facts cannot be ſatisfactorily 
accounted for, I think it better to ſuſpend 
my opinion, than to attempt plauſible ex- 
planations, which are generally more pro- 
ductive of evil than good, and only ſerve 

as ſo many allurements to decoy us out of 
the right path. 
If we conſider that neither light nor 
3 | heavy 
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heavy inflammable air, nor dephlogiſtica- 
ted air, will unite to phlogiſticated 
air, notwithſtanding their attraction to 
it, without the aid of fire, either the 
electric or a common ſpark; and compare 
this to the eaſy union af dephlogiſticated 
air and nitrous air, though the latter at- 
tracts dephlogiſticated air with leſs force 
than the three former; we cannot help 
attributing it to ſomething that ſurrounds 
their gravitating particles, and this we 
muſt ſuppoſe to be partly fire, as it is diſ- 
engaged during their condenſation. But 
why fire ſhould not exert this power when 
nitrous air, and dephlogiſticated air are 
brought in contact, is very extraordinary; 
more eſpecially when we know, as I have 
already demonſtrated, that their atmo- 
ſpheres of fire muſt be nearly thrice deeper 
than thoſe of phlogiſticated air; and like- 
wiſe when we have every reaſon to ſuppoſe 
that nitrous air contains nearly the quantity 
of fire which the dephlogiſticated and phlo- 
giſticated airs contained in their ſimple ſtate. 
It is true, fire is not developed during the 
union of theſe laſt two fluids, which may 
favour their combination. But how do 

their 


675 | 
their extenſive atmoſpheres fo blend as to 
_ their gravitating particles within 
h other's influence ? 

The condenſation of dephlogiſticated air, 
by perfe& nitrous air, without the ſeclu- 
ſion of fire, is certainly a very ſtriking fact *. 
That nitrous acid contains nearly as much 
fire as its conſtituent principles contained 
before their union, can hardly be.doubted ; 
and that it parts with very little of this by 
its union to an alkali, is alſo as true as it 1s 
fingular. Here then nitre contains, in a 
ſolid ſtate, fire ſufficient to give elaſticity to 
at leaſt 100 times its bulk of dephlogiſtica- 
ted air. 1 

Hence ariſe the deflagration of nitre and | 
charcoal in cloſe veſſels, and the quantity of 
fire diſengaged, though fixable air is pro- 
duced at the ſame time. 

Theſe facts convince us, that fire unites 
chemically to bodies, and of courſe muſt 
gravitate towards them, Can we therefore 
doubt but that fire is a ſubſtance, and not a 
quality, as ſome philoſophers are pleaſed to 
ſuppole ? 


* There is heat generated, but not more than ſhould 
be expected from the re- action of the new formed acid 
upon the ſuſpended water. 


Although 


( 156 ) 
Although the conftituent principles of 5 
nitrous acid are known, and though they 
have been united by art, yet we do not well 
know how nature performs this operation. 
Some philoſophers, but Mr. Thouvenel in 
particular, have found that putrefaction fa- 
vours the production of nitrous acid. All 
animal ſubſtances, during their decay, give 
out a vaſt quantity of phlogiſticated air; 
therefore, if dephlogiſticated air be preſent, 
it will unite to the phlogiſticated air in its 
naſcent ſtate, and before it unites with fire. 
However, I have had an opportunity of oþ- 
ſerving, that nitrous acid may be copiouſly 
generated, where no putrid proceſſes are 
carried on. The chemical elaboratory at 
Oxford is near fix feet lower than the ſur- 
face of the earth. The walls are conſtruct- 
ed with common lime ſtone, and arched 
over with the ſame; the floor is alſo paved 
with ſtone, It is a large room, and very - 
lofty. There are ſeparate rooms for the 
chemical preparations, ſo that nothing is 
kept in the elaboratory, but the neceſſary 
implements for conducting experiments. 
There is an area adjoining it on a level with 
the floor, which, though not very large, is 
ſufficient 


| (+7 ) 
ſufficient to admit a free circulation of air. 
The aſhes and fweepings of the elaboratory 
are deꝑtiſited in it. There is a good ſink in 
the centre of this aren, ſo that no ſtagnated 


water can lodge there. The p- y, which | 
is ſeldom frequented, is over ground, and 
unconnected with the elaboratory. Not- 
withſtanding all this, the walls of the room 
afford freſh W of nitre muy three or 
four months. 

Dr. Wall, who paid tide attention 
to this cireumſtance, and who told me it 
contained fixed vegetable alkali, requeſted 1 
would analyze it, and let him know what 
proportion of it a quantity would yield. Ac- 
cordingly I did, and found that two ounces 
of it eontained fix drachms of nitrated fixed 
vegetable alkali, and three of calcarcous 
nitre. The nitre firſt appears in ſmall 
whitiſh filaments, as fine as cob- web, which, 
when they get a little larger, drop off, ſo 
that they never acquire growth ſufficient to 
diſtinguiſh their figure to a naked eye. On 
finding that they contained fixed vegetable 
alkali, I concluded that it proceeded from 
minute vegetation; but in this I was miſ- 
taken; for I found that they were ſoluble in 
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water, and that they detonated-withichars 
coal at every ſtage of their growth. Having 
ſwept this ſaline effloreſcence from the wall, 
I dug deep into it, but could not obtait 
nitre from it. When a part. had been 
white-waſhed, it yielded nitre, | but not fo 
abundantly as a neighbouring ſpot which had 
not been treated in the ſame manner. Hence 
it is evident, that nitrous acid may be form- 
ed without the aſſiſtance of putreſcent pro- 
ceſſes, in a ſtill damp air, where there is a 
ſubſtance to attract it when half formed, 


whereby it is in time brought to perfection, 


The above facts moreover prove, that fixed 
vegetable alkali is a compound. Thus we 
find that chemiſtty is ſtill in its infancy, and 
that there is a great deal to be dona in or- 
der to bring it to perfection. 919 
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been diſcovered; but that dephlogiſ- 
icated, air is one of the conſtituent prin- 
ciples of this acid is very evident, if it enters 
into the conſtitution of the nitrous or vi- 
| triolic acid.. 8 

Charcoal, , ſulphur, liebe inflammable air, 
or Fe cannot take its dephlogiſti- 
cated air from the marine baſis, Whether 
the acid be combined, or in its ſimple ſtate. 
Lead will take the acid from the fixed 
alkalies without decompoſing it, as will 
likewiſe iron when expoſed to a damp air 
for a conſiderable time, as the celebrated 
Scheel has obſerved. I mixed common falt 
and manganeſe in various proportions, and 
expoſed them in a reverberating furnace in 
a well cloſed crucible for three hours, to 
heat nearly ſufficient to melt caſt iron. I 


treated manganeſe, falt, and charcoal, in 
ps i the 
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the ſame manner, but with no effect. I 
mixed clay, ſalt, and charcoal, and ſalt and 
clay alone, with very little ſucceſs. I treat- 
ed calcined bones, ſalt, and charcoal, and 
calcined bones and ſalt, and likewiſe lime 
and falt, in like manner, without effect 
ing any apparent change i in the ſalt. 

I haye been informed by a Mr. Robertſap, 
an apothecary in Biſhopſgate-ſtreet, Who his 
made ſeveral attempts to decompoſe com- 
mon ſalt, that he partially alkalized i it, by 
expoſing it and clay to a fierce dest; ; but, 
ſoon after it got into contact with air, that 
it became neutral again, It is certain, that 
alt loſes a portion of its dephlogiſticated 
air very readily, as may be ſeen by its pro- 
perty of acceleratin 8 combuſtion. when 
thrown on the fire. If common falt and 
litharge be fuſed, it is in part decompoſed ; ; 
the acid ſuffers no decompoſition, but unites | 
to the lead ; whereby, it acquires, when the 
faline matter is waſhed away, a yellow co- 
lour. It is evident from theſe facts, that 
the baſis of marine acid is a combuſtible 
body, and quite different from light inflam- 
mable air, charcoal, or any known inflam- 
mable ſubſtance ; and that it attracts de- 

phlogiſticated 


dr) 


phlogiſticated aif with greater force than 
any ſitbſtatice hitherto difcovered. Though 


charcoal will decompoſe all other acids 
(exetþt" à few), When united to bodies 
which will fix them until they acquire a 
ſufficient degree of heat, yet it has no effect 
on maritie acid. In my opinion, metals 
decompbfe taatiti® acid during their ſolu- 
tion in it, though iron will condenſe ma- 
rine air without decompoſing 1 


Mr. Kir wan is of opinion, that the marins 


acid confiſts of 2 particulat baſis united 


to phlogilton,” ant 4 certain proportion of 


fixable air; and that when the marine baſis 
is deptived of its pholgiſton, its affinity to 


fixbd ait becomes miich firohger, whereby | 


it unites to a large pottion of it *, Though 
I have attentively peruſed Mr. Kirwan's 
Fifth Section on hegten, wherein he 
treats of marine acid, I muſt confeſs I 
could not make out on what grounds he 
founded this hypothefis. However, before 
J preſume to offer my opinion deciſively 
upon it, I ſhall minutely inquire into it. 
Therefore, let us fn. fu ppoſe iron to > be 


* Eflay on Phlogiſton, ' i / 
N 3 compoſed 
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. compoſed of a. certain baſis, and Phlegiſton, 
intimately combined. Loet ps alſo fappoſe 


marine acid to conſiſt of a peculiar baſis, 
and phlogiſton, intimately united 1 to fixable 
air, and that this baſis attracts fixable air 
with greater force than it does phlogiſ- 
ton. This granted, when, theſe ” 
brought in conta, What, is likely to 


mical laws ? far, i in matters 0 ambiguity, 
we are juſtified i in reaſoning from analogy, , 
more eſpecially when it is an eſtabliſned 
fact, that the decompoſition and com poſition 
of all bodies, whether they prevail by 
virtue of a ſingle or, double affinity, are 
regulated by the, fame power, though va» 
riouſly modified, The acid moſt undoubt- 
edly cannot be decompoſed, ag the attraction 
of its baſis to fixable air on the one ſide, 
together with. the attraction of the-metallic 
baſis for its own phlogiſton, on the other 


fide, are ſufficient to prevent it; for, as 

the inflammable matter or phlogiſton of 
the metal is expelled in_its acriform ſtate, 
a double affinity does not prevail in the 


operation, ng 6 alide the agency of fire, 
| n * which 
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which does not n interfere with the 


preſent ſubject. 
Hence it 1 8 Joi the deid, bane 


— decompoſition, unites to the 


metallic baſis, and expels its phlogiſton; 


which is Mr. Kirwan's opinion. In this 


caſe, pure fixed al kali, or lime, ſhould pre- 
cipitate the metallic baſis in its purity, and 
thereby enable us to obtain that ſubſtance, 
which occaſions ſuch a conteſt nn 
philoſophers. 6 

I ſaturated half an ounce of marine ld 
with clean iron nails, firſt having aſcertained 
the quantity. of pure fixed alkali neceſſary 
to ſaturate ſo much acid in its fimple ſtate, 


and found that the ſolution required the 


ſame quantity of alkali to precipitate the 
whole of the iron; nor did I find any dif- 
ference in both ſalts, when evaporated to 
dryneſs. Therefore the acid was not in 
the leaſt decompoſed, though the metal 
was calcined, and its phlogiſton diſengaged. 
Whence did it receive its dephlogiſticated 
air ; or, according to Mr. Kirwan, its fix- 
able air? The phlogiſtians have but one 
mode of anſwering this, which is, that the 
metallic baſis unites to water. If metallic 


N 4 ſubſtances. 


* 
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ſubſtances were calcined; as Mr. Nins 
himſelf obſerves, and as I had an vecafion 
to mention in treating of vitriolic acid, in 
conſequence of water alone, it thauld not 
remain fo inert when metals are intro- 
duced into it, in a common temperature, 
when iron is calcined by marine acid in 
the ſame temperature very rapidly 

If metallic calces, precipitated by pure 
alkali from the different acids, owed their 
additional weight and colour to an union 


with water; a given weight of iron, cal- 
cined in the different acids, ſnould be 


= precipitated by the ſame pure fixed alkali 


of the ſame weight and colour. E obſerved 
that the precipitates of 20 gr. of iron from 
the vitriolic, the marine, and the nitrous 
acid, dried and treated exactly in the ſame 
manner, varied in their weights; that from 
the nitrous being the heavieſt, and the ma- 
rine precipitate next to it again: they 
likewiſe differed in colour, which ſhews 
their different degrees of ealcination. To 
make this experiment accurately, the pre- 
cipitates ſnould be well waſhed with hot 
ae abet 1 * no means e to 
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the air while they are drying ? for they 


change colour in a few minutes by abſorb- 
ing both fixable and dephlogiſticated air 
from the atmoſphere; The precipitate of 
iron attracts fixable air in ſmall proportions, 
with as great avidity as the alkalies, and 
I fuſpe& with as great force as pure lime; 
but this fixable air may be expelled again 
from it by a ſtrong heat, without being de- 
compoſed. Hence I am induced to ſuppoſe, 
that fixable air is never decompoſed during 
the reduction of mercury by heat. Why 
are the precipicates from the different acids 
of unequal degrees of calcination, if water 
be the calcining ſubſtance, if the acids 
do not impart ſomething to them, more 
eſpecially when they are equally well ſup - 
plied with water? That the acids take an 
active par t in the ſolution of metals, cannot 
be denied; for it is very well known that 
water will not diſſolve them, and that it 
will not even in any length of time ruſt gold, 
filver, platina, or mercury; though they 

are ſoluble in different acids. Then I afk, 
How the marine aeid acts, when iron 


is introduced into itꝰ Whether the acid or 
water divides it into its ultimate particles, 
and 
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100 texpels its phlogiſton ; or "whether! 
they do this jointly; or whether the acid, 
by its ſolvent power, only diſſolves what 
the water calcines and deprives of phlo- 
giſton, by which it may enable the water 
to attack freſh ſurfaces? ?: ts 
This laſt is certainly che moſt plauũble 
| phlogiſtic hypotheſis in favour of the doc- 
trine of water; although it may with equal 
plauſibility be ſaid, that the marine acid; 
alone unites to the metallic baſis, . diſſolves; 
it, and expels its phlogiſton; and hen the; 
acid is withdrawn from it by lime or alka- 
lies being in its extreme diviſion, that it 
inſtantly ruſhes into union with water, and 
forms a calx. Allowing the phlogiſtians 
all this, which is the moſt that can be ur- 
ged in their favour 3 there is one circum- 
ſtance which, I think, if ſtrictly inquired 
into, will de found ſufficient to overthtow 
it; namely, the precipitation of metals by 
each other in their metallic ſtate. +, 
In order to know the full force of what 
Jam going to obſerve, it will be neceſſary, 
firſt; to conſider, that if calcination depends 
upon the union of water, and the expul-- 
fon of phlogiſton, the metallic baſis muſt 
N have 
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have greater attraction to water than it has to 
phlogiſton ; as, evidently. appears from the 
calcination of metals by ſteam. Therefore, 
on this principle, a metal could never pre · 
from a very dilute ſolution of marine acid, 
or of any other acid, For if water, agree- 
ably to the firſt phlogiſtic hypotheſis, ſhould 
calcine the metal, while the marine acid 
diſſolved it, how could iron, though it unites 
to the acid, precipitate copper in its metallic 
ſtate? Conſidering that it is ſurrounded 
with uncombined water, is it likely that 
it would influence the water attached to the 
metallic baſis in any degree 
Then all chat can be ſaid with the | 
_ ſmalleſt appearance of plauſibility. i is, that 
the diſengaged phlogiſton of the precipita- 
ting metal expels its water, and unites 
to the baſis, /, This I think needs no con- 
tradition. , The ſecond and laſt hypotheſis 
that I confidered moſt favourable to the 
phlogiſtic doctrine, is that of the water unit- 
ing to the metallic baſis, the inſtant the 
alkali deprives it of its acid of ſolution, In 
this caſe, all the phenomena may be ac- 
counted for thus, viz. that the precipitating 


I metal 
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metal takes the acid from the precipitated; 
at the ſume time that it linpittts phlogiſtön 
to it, whereby it is reduced. This moſt 
undoubtedly, loſing fight of all analogicat 
reaſoning, ſeems very plaufible, and may 
appear, to ſuperficia inqufrers into "this 
ſubject, very ſatisfactory. I muſt own 1 
ſhould be thorougfily convinced of the 
truth of it myſelf, were it not for the fol- 
lowing confiderations: ft, The eafy ex- 
pulſiom of inflammable air from metals 
by water; which ſhews, if this coties from! 
the metals, the greater affinity of tHeit baſes 
to water than to phlogiſton. 2dly, The 
ultimate diviſion of the precipitated meta?; 
which favours caltfnation. 3dly, The pre- | 
ſenee of ſuch an abundance of water, which 
they conſider to be the calcining fibſtante/ 

Thus far I have impartially inquired, on 


the phlogiſtie principle, into the nature of 


marine acid by its effects, as we cannot 
obtain its conſtituent parts ſeparately; and 


though I am not much pleaſed with it yet, 


leave my reader to judge for himſelf. 
Let us now trace the ſame fubject ſo far 
in the antiphlogiſtic doctrine, and with- 


out ein compare them — other. 
But 


00 0 
But before, we proceed en this, I would 
have my reader not to loſe ſight of the fol- 
lowing facts, which have already been 
particulariſed: 1, The ſeparation of the 
marine aeid from the metallic ſolution in 
its perfect ſtate. adly, The precipitation 
of the metal in a calciform ſtate. 3uly, The 
active part acids! take in the calcination of 
metals. Athly, The inconfiſtency of ſuppeſ+ 
ing that the calces of metals are compaſed 
of water and a metallic baſis. 5gthly, The 
ſeparation of inflammable air, duting the 
ſolution of metals. And laſtly, the pre- 
cipitation of one metal by another in its 
metallic ſtate. : | 
It appears to me, and indeed. I, have 
no other rational mode of accounting for it, 
that the acid is firſt decompoſed, and that 
its baſis inſtantly decompoſes the water, 
and liberates inflammable air; although I 
think the marine baſis has greater attraction 
for dephlogiſticated air than the metals have. 
It likewiſe ſeems to me, that marine acid is 
compoſed of two principles only, viz. an 
unknown inflammable baſis, and dephlogiſ- 
ticated air, intimately combined. It may 
appear rather ſtrange at firſt ſight, that me- 
; \ tals 
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tals ſhoald: deprive. this bafis- of 'its:dephio- 
giſticated air not withſtanding their weaker 
attraction to ĩt. However, I think this may 
be very well accounted for on the following 
principles: Let B be the haſis of marine 
acid, D dephlogiſticated air; and let theſe 
attract each other with the force of 8 3 and 
let this be the utmoſt ſum of their joint forces. 
Let B be poſſeſſed of one half of this foree, 
and D of the other half. In this Nate; | me- 
tals which I have ſuppoſed to attract de- 
phlogiſticated air 2 5 the force: of 75 
could not deprive B ih 30 c ing bo! 

of D. Let B, in order int 5 
to form common ma- 


rine acid, be united to 
another particle of dephlogiſticated air ra, 


They will only unite with the force of 6 ; 

that is, the whole force of B will be divided 
between D and , on principles which J 
have already explained, in aer of the 


vitriolic and nitrous a- 
cid. Therefore B will 

retainits dephlogiſtica- 
ted air with only the Win oY 
force of 6; for B can' only n with 


the force of 2 towards D, although D gra- 
vitates 


( 91 } 
vitates with the force: of 4 towards B, and 
ſo with d and B. If iron, whoſe attrac- 
tion for dephlogiſticated air is 7, were 
brought in contact with the above com- 
pound in the preſence of water, whoſe con- 
ſtituent principles are united with the farce 
of 64; would it not deprĩive B of both D and 
a, and would not B inſtantly re- act on the 
Water, and take from it half the quantity of 
dephlogiſticated air which it before gave up 
to the metal, and then unite to the calx? 
Dry I marine acid air will unite; to iron, 


without producing inflammable air; which 


ſhews that it muſt come from the water. It 
is true, it may be ſaid, that the union of ma- 


rine air to; iron, without any ſeparation: of 


its principles, is unfavourable to the hy- 
potheſis of the decompoſition of marine 
acid, when in contact with water. But be 
it conſidered, although the force of 7 
overcomes the attraction of B to dephlogiſ- 
ticated air, that the force of +>->+ is ſuffi- 
cient to move it with its dephlogiſticated aig 
towards the iron, when there is nothing elſe 
to influence it; and we may: ſuppoſe that 
the iron itſelf muſt attract it with: greater 
force than this. When water is preſent, 

| the 
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the caſe is different: for, when the iron 
influences the dephlogiſticated air of the ma- 


rine baſis with ſo ſuperior a force as 32 to 23 
B, or the marine baſis, being in contact with 
water, which retains its dephlogiſticated air 
with the force of 64, or, laying afide re- 
ciprocal attraction, with only the force of 
37, yields its own dephlopiſticated air to 
the iron, and direts the whole forte of 
its attraction, which is 4, towards the de- 
phlogiſticated air of the water; by which it 
is decompoſed, and inflammable is produced. 
The marine baſis being thus furniſhed with 
half the quantity of dephlogiſticaed air 

which is neceſſary to the formation of 
common marine acid, unites to the calx, 
and diſſolves it. To render this the more 
intelligible, let IL-4 be a molecule of water, 


a molecule of marine 

5 acid, and I a ſurface of 
— iron ; let us ſuppoſe 
| theſe to be influenced 
with the different forces expreſſed by the 
numbers annexed to them; is it not rea- 
ſonable to ſuppoſe, as ſoon as I, or iron, 


ſhould influence 4 D, that B would re- act 


4 


on d, or the 
dephlogiſtica- 
ted air of the 
water, and diſ- | 
engage I, or BT 
inflammable 


J make no doubt but a good mathema- 
tician (for I acknowledge my own defi- 


ciency) would demonſtrate this to a degree 


of certainty. _. However, although I am 
convinced of the truth of it myſelf, I would 
have my Philoſophical. reader to ſtrictly in- 


quire into it before he either approves or 


diſapproves of it. 


The reſt' of the antiphlogiſtians differ N 


from me with teſpect to the manner in 
which water is decompoſed; for they ſup- 
poſe (if I miſtake not) that the marine or 


vitriolic acid firſt unites to the metal, and 


that the compound decompoſes the water, 
from the joint attraction of its conſtituent 
principles to dephlogiſticated air. If this 
were true, water, when brought 1 in contact 
with iron united to marine air, would yield 
inflammable air, which is not the cafe ; or 
iron would yield inflammable air with 
greater rapidity in volatile 'vitriolic acid, 
than in perfect vitriolic acid; or marine 
O acid 
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acid would produce inflammable air during 
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the decompoſition of a ſolution of iron in 
volatile vitriolic acid. ee 
1 ſhall not trouble my reader with any 
more demonſtrations on this ſubject, but only 
obſerve, that when metals are calcined by 
the mediation of acids and water, there is 
leſs inflammable air produced, by one half, 


as Dr. Prieſtley obſerves, than when they 


are calcined by ſteam *. This is not only ex- 
plicable on the foregoing principles, but alſo 
tends ſtrongly to corroborate them ; and, if 


narrowly inſpected, will be found very unfa- 


vourable to the phlogiſtic theory. If the 
calcination of metals depended ſolely upon 
their union to dephlogiſticated air, it muſt 
be ſupplied by water, when ſteam is brought 
in contact with them; and as every particle 


of light inflammable air is united but to a 


ſingle ultimate particle of dephlogiſticated 
air, inflammable air muſt be diſengaged in 
proportion to the quantity of dephlogiſtica- 
ted air which unites to the metal; or, in 
other words, according to the degree of 
calcination it acquires, 

. ® Vol. VI. p. 102. 5 
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But this is not the cafe when + are 
calcined in the marine or in the vitriolic 
acid ; for though the baſes' of theſe acids 
impart two or more portions of dephlogiſ- 
ticated air to the metal, they can recover 
but one half of it from the water, as has 
been fully demonſtrated. Therefore, when 
acids are uſed, only one half of the quan- 
tity of inflammable air ſhould be produced, 
that is extricated when ſteam is the cal- 


cining menſtruum ; which could not be 


the caſe, if light inflammable air were one 

of the conſtituent principles of the metal. 
It is true, it may be ſaid, that the metallic 

precipitate from the above acids corre- 


ſponds in its degree of calcination with the 


quantity of inflammable air or phlogiſton 


diſengaged, and for that reaſon retained 


phlogiſton in ſolution. But I have already 


ſhewn, in treating of the vitriolic acid, that 


the precipitant, whether it be an alkali or 
an earth, enables the baſis of the acid, in 
_ quitting. the metal, to take from it, its full 
portion of dephlogiſticated air, by which the 
_ precipitate contains but the portion taken 
from the water. When the nitrous acid is 
uſed, which contains more dephlogiſticated 
O 2 air 
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air leſs intimately combined than the ma- 
rine or vitriolic acid does, the precipitate is 
found united with more dephlogiſticated 
air; and the nitre obtained by precipitating 
a neutral ſolution of nitrated iron by fixed 
alkali, is far from being ſo perfect as what 
may be produced by combining theſe 
previous to the above treatment. When 
iron is introduced into a neutral ſolution of 
marine copper, the latter is precipitated 
in its metallic ſtate, and no inflammable air 
is produced. This fact, - ſeparately conſi- 
dered, appears very favourable to the phlo- 
giſtic theory. Iron attracts dephlogiſticated 
air with greater force than copper does, al- 
though iron alone will not reduce the mere 
calx of copper diffuſed in water; but, aided 
by the baſis of marine acid, it will wholly 
deprive it of its dephlogiſticated air. The 
marine acid, having greater affinity to iron 
than to copper, quits the latter to unite to 
the former; and, affiſted by the iron itſelf, 
it forces with it the dephlogiſticated air ſe- 
parated from the water. Thus, by their 
Joint forces, they accompliſh what the iron 
alone could not; and as this quantity of 
dephlogiſticated air is ſufficient fof the ſo- 
| * | lution = 


M 


lution of the iron, no decompoſition of 


water takes place, and of courſe no inflam- 


mable air is produced. In ſhort, the de- 
phlogiſticated air of the marine acid itſelf, 


together with the ſmall portion ſeparated 
from the water during the ſolution of the 
copper (for but little inflammable air is 
produced), move jointly to unite to the iron, 


and affect it as dephlogiſticated marine acid 


would, which is known to diſſolve metals 
without generating ihflammable air. 
Having, as fairly as lay in my power, in- 
quired into the nature of marine acid on 
the antiphlogiſtic and the different phlogiſ- 
tic principles, ſo far as it is affected by me- 
| tals, I ſhall now proceed to its other prin- 
cipal properties, N | 
When common marine acid is diftilled 


over red lead or manganeſe, it undergoes a a 


very great change, as the celebrated Scheel 
has diſcovered, in taſte, ſmell, volati- 
lity, &c, ; diſtilled-or mixed with nitrous 
acid, it acquires partly the ſame properties. 
I doubt whether arterial blood would not 
effect the ſame change in it. Marine acid 
thus treated is faid to loſe phlogiſton, or 
the matter of light inflammable air: hence 

O 3 it 
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it has got the name of dephlogifticated ma- 
rine acid. 

Some phlogiſtians attribute this chudge | 
in marine acid to a loſs of its phlogiſton, 
and an union to dephlogiſticated air; others, 
to an union of dephlogiſticated air to its 
phlogiſton : but Mr. Kirwan imagines, that 
it exchanges its phlogiſton for fixable air, 
in order to become what is called dephlo- 
giſticated marine acid. Thus the phlogiſ- 
tians themſelves differ in opinion; a clear 
proof of the inconſiſtency of their doctrine. 

The antiphlogiſtians, on the contrary, 
are of 'opinion, that the baſis of. marine 
acid, from its great attraction to dephlogiſ- 
ticated air, is capable of uniting to a greater 
portion of it than it is found combined 
with in its ordinary ſtate, provided it be 
preſented to it under favourable circum- 
ſtances. 

* Mr. Kirwan itte, thit he has obtained 
dephlogiſticated marine acid from chalk. 
Chalk has no ſenſible attraction to inflam- 
mable-air; therefore the marine baſis muſt 


Eſſay on Phlogiſton, page go. 
attract 
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attract fixable air with greater force than it 
does phlogiſton, for a double affinity does 
not prevail here. According to Mr. Kir- 
wan, common marine acid muſt part with 
 phlogiſton in order to unite to fixable air; 
for he ſuppoſes, that the marine baſis can- 
not retain both when in the Rate of dephlo- 
giſticated marine acid : then I aſk, whether 
Mr. Kirwan obtained inflammable air in 
this experiment, or what became of the 
phlogiſton. of the marine acid? However, 
Mr. Kirwan has been more ſucceſsful than 
I have been; for I attempted in vain to pre- 
pare dephlogiſticated marine acid by means 
of chalk : in ſhort, it had the contrary ef- 
fect, for it decompoſed dephlogiſticated ma- 

rine acid obtained from manganeſe, 
I faturated a quantity of pure volatile al- 
kali with dephlogiſticated marine acid care- 
fully prepared ; phlogiſticated air was pro- 
daced, but not a particle of fixable air, and 
the reſulting ſalt was found to be common 
fal ammoniac. Volatile alkali is compoſed 
of light inflammable air and phlogiſticated 
air; therefore it muſt be partly decompoſed, 
by which phlogiſticated air is obtained; and 
the inflammable air muſt unite to ſomething 
| O4 elſe, 
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elſe, which attracts it more forcibly" than 
the phlogiſticated air. I aſk, to what? Not 


to the marine baſis, for it appears to have - 
already parted with phlogiſton to unite to 


fixable air; therefore it muſt have greater 
attraction to it than it has to phlogtſton. 


+ Beſides, the attraction of the phlogiſticated 


air to light inflammable air, renders ſuch an 


union very improbable. Or, allowing that 
the gravitating matter of the light inflani- 
mable air united to the marine baſis, it muſt 
then let go its fixable air in order to become 
common marine acid; for it cannot hold 


both, according to Mr. Kirwan himſelf, 


Then I aſk, what becomes of its fixable air? 


for I diſtilled the ſalt to dryneſs, and could 


not obtain it. It cannot be ſaid, that it has 


been decompoſed by the inflammable air of 


the alkali; for it would be inconſiſtent to 


ſuppoſe, that phlogiſton ſhould influence de- 
phlogiſticated air already ſaturated with 


phlogiſton, and united to another ſubſtance. | 
Equal parts of dephlogiſticated marine 


air and light inflammable air mixed over 


water, will form, according to Mr. Kir- 
wan *, a denſe white cloud; more than one 
* Effay on Phlogiſton, page 80. oi 
F420 half 
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half is abſorbed, and is found to be com- 
mon marine acid, and the reſiduary air is 
pure inflammable air. Mr. Kirwan conſi- 
ders this experiment as very favourable to 
his hypotheſis, and ſufficient to ſubvert that 


of the antiphlogiſtians. In my opinion, if 


it be narrowly inquired into, it will be 
found more unfavourable to the former than 
to the latter doctrine. Therefore, allowing 
dephlogiſticated marine air to be converti- 
ble into common marine acid by the mere 
admixture of light inflammableair: how does 
the inflammable air act in this caſe? Does 
it unite to the baſis of marine acid ? If ſo, 
fixable air (if it were one of the conſtituent 
principles of the dephlogiſticated marine. 
acid) ſhould be diſengaged; but Mr. Kir- 
wan himſelf has ſheyn, that not a particle 
of fixable air is produced, Then all that 
can be ſaid in fayour of the doctrine of fix- 
able air is, that it is decompoſed. I ſhould 
like to know how. ſuch a decompoſition can 
take place; for, in order to this, the marine 
acid baſis muſt exert a certain. force on the 
phlogiſton of the fixable air on the one ſide, 
while the light inflammable air pulls at 
ifs dephlogiſticated air on the other, = 

k e 0, 


. | 
ſo, by their conttary powers, force the con · 
ſtituent principles of fixable air aſunder. Is 
this conformable to the laws of nature, 
ſo far as they govern chemical attrac- 
tion? May not we as well ſay, that a rope 
which ſuſpends a weight ſhould firſt break 
in the ſtrongeſt part? Is it not more rea- 
ſonable to ſuppoſe, that the marine baſis 
would the rather unite to the diſengaged 
phlogiſton, than ſtruggle for that which is 
already intimately combined? Even allow- 
ing ſuch a decompoſition, fixable air ſhould 
be regenerated; for, according to Mr. Kir- 
wan himſelf, water has never been formed 
but in a red heat “. 17 
The black calx of manganeſe, free from 
calcareous earth -and iron, will not yield a 
particle of fixable air by expoſure to heat. 
The acids, even thoſe that will diſſolve it, 
do not expel a particle of fixable air from 
it. I fuſed manganeſe and borax into a vi- 
treſcent maſs, and yet no fixable air was 
produced, and little or no dephlogiſticated 
air; but this I do not wonder at, as dephlo- 
giſticated air enters into the conſtitution of 


*Eſſay on Phlogiſton, p. 26. . 
4 glaſs. 
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glaſs. If ſal ammoniac and manganeſe be 


diſtilled, the ſal ammoniac is decompoſed, 
and the volatile alkali is obtained in a cauſ- 
tic ſtate; and the acid is dephlogiſticated, 
as Mr. Kirwan obſerves. Hence he infers, 
that the fixable air of the manganeſe unites 
to the marine acid; but he ſhould firſt 
prove that the manganeſe contains fixable 
air. I have diſtilled cauſtic volatile alkali 


and manganeſe, and yet the alkali was ſtill 


cauſtic. Cauſtic fixed alkali boiled over 
manganeſe received no fixed air from it. 
Lime and manganeſe treated in the fame 
manner did not ſhew the ſmalleſt veſtige 
of fixable air; and the manganeſe thus 
treated, afforded the uſual quantity of de- 
phlogiſticated air. Theſe circumſtances 
induce me to * that manganeſe, 
when free from calcareous earth, does not 
contain fixable air in any conſiderable pro- 


portion; and that dephlogiſticated marine 


acid does not contain a particle of fixable 


air, as one of its conſtituent principles. In 


my opinion, the phlogiſtians muſt have re- 


courſe to ſome other mode of accounting 
for the formation of dephlogiſticated ma- 


tine acid, beſides that of fixable air; and 
what 
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what can this be? They eannot attribute it 
to the mere ſeparation of phlogiſton from 
the marine acid; for it is evident that de- 
phlogiſticated air unites to it, during its 


; diſtillation with manganeſe, when we can 


expel it from the acid again by uniting it to 
fixed alkali, and when the ſalt is found ta 


be the ſame as if the alkali had been com- 
bined with common marine acid. Beſides, 


the. manganeſe, after the diſtillation of ma- 
rine acid, will yield no dephlogiſticated air, 
although previous to this proceſs it affords 
it in abundance. Hence. it appears, that 
the phlogiſtians muſt allow the preſence of 
dephlogiſticated air in the dephlogiſticated 
marine acid; and to ſupport the doctrine 
of phlogiſton, they can only ſay, that the 
manganeſe unites to it at the ſame time that 
it imparts de phlogiſticated air to the marine 
acid. If the marine acid parts with phlo- 


giſton to unite to dephlogiſticated air, how 


does it recover this again on uniting to fixed 
vegetable alkali, when its dephlogiſticated 
air 1s expelled? for it is converted into 
common marine acid, and, according to the 
phlogiſtians, the preſence of phlogiſton is 
indiſpenſably neceſſary to this ſtate, Let 

us 


G2 
us now inquire into the nature of dephlo- 
giſticated marine acid, and aqua Tegia, in 

the antiphlogiſtic doctrine. 
I have already deſcribed the nature of 
marine acid with reſpect to the attraction 
of its baſis for dephlogiſticated air, and the 
intimacy of their union when in the ſtate 
of common marine acid. No wonder then 
that it ſhould unite to more dephlogiſticated 
air, when it meets with it condenſed and 
22 with leſs force than its baſis attracts 
t. A moderate degree of heat will expel 
dephlogificaed air from red lead and man- 
ganeſe 3 but the fierceſt heat we can pro- 
duce will not expel the whole of their de- 


phlogiſticated air from them. , Hence we 


may infer, that the marine baſis may with 
very little reſiſtance deprive theſe of a por- 
tion of their air, and thereby aſſume the 
character of dephlogiſticated marine acid, 
The calces of iron, tin, copper, antimony, 
&c. will not part with dephlogiſticated air 
in the moſt intenſe heat; which ſhews 
that they retain it with greater force than 
the former calces, and of courſe will not 
give it up to the marine baſis ſo readily. 


I have endeavoured to ſhew, that dephlo- | 


giſticated air is retained with leſs force in 


the 
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| the nitrous acid than i in the vitriolic acid; 
and in the vitriolic, than in the marine acid. 
I would now obſerve that, though the ma- 
rine baſis, when united to its natural portion 
of dephlogiſticated air, cannot take this 
from the vitriolic acid, it will deprive the 
nitrous acid of a portion of its dephlogiſti- 
cated air, as holding it with ſo inferior a 
force. 

Thus, when marine acid is mixed with 
the nitrous acid, nitrous air is ſometimes 
produced, according to the proportion u uſed. 
If theſe two acids be mixed in the propor- 
tions of two of the nitrous to three of the 
marine, provided the acids be ſtrong and 
complete, and the mixture be kept in a 
cool place, nitrous air will firſt be diſen- 
gaged, attended with heat; but on ſtanding 
for ſome time, and when it gets cool, 
the nitrous air ceaſes coming over, and 
ſmall bubbles of air are generated in dif- 
ferent parts of the mixture, which are 
abſorbed almoſt as ſoon as they get birth, 
Theſe ſometimes make their firſt appearance 
at the bottom of the liquor, and are carried 
upwards in lender ſtreams, gradually di- 
miniſhing in their progreſs, until they can 

| be 


4 WM.1 
be no longer traced, and attended with a hiſ- 
ſing noiſe, occaſioned by the abſorption, 
I endeavoured in - vain to obtain ſome of 
this air. This beautiful appearance does 
not always take place. A fimilar phenome- 
non may be obſerved in preparing dier 
ether in Dr. Black's method, 

Thus we find that the marine acid will 
take dephlogiſticated air from the nitrous, 
with as much facility as from the calx of 
manganeſe, and that it affects this acid 
as the metals do, by withdrawing dephlo- 
giſticated air from it, and not, as the phlo- 
giſtians imagine, by imparting phlogiſton 
to it; for I flatter myſelf I have already 


ſhewn | that Nitrous air contains no ſugh | 


things ©... 
It is very: well known that fxable air 5 
not affect nitrous air in the leaſt, and that 
they cannot be combined by any means 
whatever. It is likewiſe very obvious, that 
nitrous air will not form nitrous acid with- 
out the preſence of dephlogiſticated air. 
Yet Mr. Pellitier formed nitrous and com- 
mon marine acid, by mixing dephlogiſti- 
cated marine air and nitrous air, 26 Roz. 


393. This is not only a convincing proof 
or - 
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of the entry of  dephlogiſticated air, in its 
ſimple ſtate, into the conſtitution'of dephlo- | 
piſticated marine acid, but likewiſe points 
but the weakneſs of the phlogiſtic theory. 
For, if nitrous air were diſengaged during 
the actien 'of the marine on the nitrous 
acid, in conſequence of the marine impart- 
ing phlogiſton to it, and withdrawing from 


it either dephlogiſticated air or fixable air; 


is it lixely that they would decompoſe each 
other again, eſpecially when they are in an 
atrial ſtate, and guarded by fire? Indeed, 

the phlogiſtians may urge a ſimilar ob- 
jection againſt the antiphlogiſtic doctrine, 
by ſaying that, if the marine acid deprived 
the nitrous air of its dephlogiſticated air, in 
order to become dephlogiſticated marine 


acid, nitrous air could not deprive it of 


this again, All this is very fair, and would 


be difficult to get over, were it not for 


our minute inquiry into the nature and in- 
ternal ſtructure of the acids; and likewiſe 
cher force with which their conſtituent ptin- 
ciples unite, and the manner in which this 
force muſt be influenced, according to the 
Proportion of A 2177 era air united 
to their baſes,” 32 

1 have 


62 


I have already ſuppoſad, that the imper- 
fe or dephlogiſticated nitrous air is united 


to its dephlogiſticated air with the foree of 


65 the perfect or . common nitrous air. 
with the force of 44; the red nitrous va- 


pour, or perfect red nitrous acid, with the 


force of 43 the pale with the force of 373 
and the colourleſs or perfect nitrous acid 


with the force of 31. But I would obſerve 
that theſe ace often mixed, ſo that it is a 
diticult matter to obtain them ſeparately, 
particularly the red and pale, for the co- 
lourleſs cannot exiſt in contact with the red. 
I have Hkewiſe ſuppoſed. that the marine 
baſis, though it attracts dephlogiſticated air 


with the force of 8, is only attached in its 


common ſtate to its dephlogiſticated air 


with the force of 6 ; and that it has a tend- 


| ency to unite to more dephlogiſticated air 
when it meets with it combined with a 
forte inferior to its own attraction to it, 

From this ſtatement of the force of u 
of the conſtituent. principles, of 
marine: acid, and its tendency to unite to 
more dephlogiſticated air, we may ſuppoſe 
that: its bak attracts the quantity neceſſary 
. P ; 202 bog 
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to its E ny ſtate with 2 e be 
of 4. * 21 34 ; 17 3 
Thus ſtating thei comparative attivAton 
of both acids to dephlogiſticated air, rather 
than their abſolute forces, which 1 think 
are impoſſible to be aſcertained, we ſhall 
be the better able to account for the fol- 
lowing facts. Mr. Pellitier has obſerved, 
if the nitrous acid be added in ſmall pro- 
portion to the marine acid, that it is wholly 
decompoſed, and that its phlogiſticated air is 
diſengaged, notwithſtanding phlogiſticated 
air attracts the quantity of dephlogiſticated 
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| air neceſſary to the fotmation of perfect 
x nitrous” air, with greater force than” the 
1 marine acid. 

8 This T think i is only explicable on the fol- 
. lowing principles: When a ſmall portion of 
* nitrous acid is diffuſed in a large quantity of 
| x marine, the latter expoſes ſurfaces enough 
* to at once ſeparate the whole of its dephlo- 
1 giſticated air from the phlogiſticated. For 


the force of 4 is ſufficient to overcome, if 
the perfect nitrous acid be uſed, the force of 
32, or if the pale 323 but if the red nitrous 
acid be uſed in its purity, it will not be 
decompoſed, for it retains its dephlogiſti- 
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(Carr) 
cated air with as great force as the marine 
acid attracts it; therefore they will par- 
tially unite without a decompoſition. 

I have' already obſerved the nature of the 
above decompoſition of nitrous acid, in 
treating of the effects of metals on it when 
highly diluted. 

When a larger quantity of nitrous acid 
is mixed with the marine acid, nitrous air 
is produced; for, as a molecule of the ma- 
rine can only deprive a ſingle molecule of 
nitrous acid at moſt but of two ultimate 
particles of - dephlogiſticated air, there are 
not a ſufficient number of the former in 
contact with the latter to effect a total de- 
compoſition; and as it cannot take place 
but by a number of uniform pulls from 
different quarters at once, while the ni- 
trous molecule is perfect, the nitrous air, 
retaining its ſmall portion of dephlogiſtica- 
ted air with greater force than when united 
to a larger quantity, paſſes off unmoleſted 
in its aerial ſtate in the marine acid. | 

Thus it is that nitrous air is diſengaged 
by the marine acid, though the nitrous air 
will take its dephlogiſticated air from oor 
phlogiſticated marine air, 

P 2 I think 
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I think the dephlogiſticated marine air re- 

=_ tains its dephlogiſticated air with nearly as 
"4 great force as the nitrous air attracts ĩt; for 
when the airs are perfectly dry, and mixed over 
mercury, no decompoſition ſeems to take 
place until water is introduced. Hence I in- 
fer, that water aſſiſts in the decompoſition 
from its attraction to marine acid. If a ſmall 
quantity of marine acid be mixed with a 
large portion of perfect nitrous acid, no 
nitrous air is produced, and no change ap- 
pears in the acid. If more be added, the 
acid changes colour; but if a larger quan- 
tity be added, nitrous air is produced, but 
no phlogiſticated air. This confirms the 

above demonſtration of the totaldecom- 
poſition. of nitrous acid; for we find a cor- 
reſpondence in reverſing the fare dien of 
the acids. 

If marine ammoniac be mixed with, the 
nitrous acid in the temperature of 70? or, 
80®, a violent action takes place, and a, | 
large quantity of nitrous air is extricated, 
mixed with a ſmall portion of dephlogiſtica- 
ted marine air and phlogiſticated air. Here 
the marine ammoniac is decompoſed; for 
the nitrous acid, from its ſuperior attraction 
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( 215 -) 
volatile alkali, takes it from the marine acid. 
The marine acid in its turn takes dephlo- 
giſticated air from the . remainder of the 
nitrous, acid, and forms aqua regia, or de- 
phlogiſticated marine acid; a portion of 
this dephlogiſticated marine acid re- acts 
on tlie newly formed nitrous ammoniac, 
withdraws from it its inflammable air, and 
eonverts it into water, by ſupplying it with 
dephlogiſticated air, at the ſame time that 
its phlegiſticated air is diſengaged. + This 
accounts for the greater production of ni- 
trous air when we uſe marine ammoniac, 
than when the quantity of marine acid 
which it contains is uſed. If the regulus 
of anflmony in fine powder be expoſed to 
the aits diſengaged during the action of ni- 
trous acid on matine ammoniac, it is in- 
ſtantly calcined, and ſparks of fire are emit- 
ted. This beautiful appearance will not 
take place, if the regulus be expoſed to the 
dephlogiſticated marine air alone; fo that 
it requires the preſence of nitrous air. This 
is very unfavourable to the phlogiftic+doc- 
trine ; for, if the nitrous air be already ſa» 
turated with phlogiſton, how can it 
contribute to the rapid calcination of the 

© P3 antimoby ? 
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antimony ?. Or, if it ſhould take place. in 
conſequence of the attraction of the marine 
acid to phlogiſton, the metal- muſt” retain 
it with leſs force than the nĩitrous air. But 
if this ſhould depend on the attraction of 
the metallic baſis for fixable air, at the 
ſame time that the dephlogiſticated baſis 
attracts its phlogiſton, and ſo by a double 
affinity Promote the calcination or decome 
giſticated marine air. It cannot be attri- 
buted to water ; for ſteam in its rareſt ſtate 
cannot produce it, nor will ſteam and oY 
trous air afford this phenomenon. _ | 
It appears to me, that it can only ache 
place at the very inſtant that the dephlo- 
giſticated marine air unites to red nitrous 
vapour, which is formed by an union of 
atmoſpheric air to the nitrous air, extricated 
with the dephlogiſticated marine air; for 
both acids attached and deſtitute of water, 
which would imperceptibly carry off the 
fire diſengaged by the rapid union of de- 
phlogiſticated air to the metal, favour cal- 
cination more when thus partially conden- 
ſed, than either would ſeparately in an 


ac rial | 
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aerial ſtate, being then too intimately uni- 
ted to fire. 197% WOT]! 15. 12 

The. marine acid Will 3 * ie ni⸗ 
trous vapour in conſeguence, of its dephlo- 


giſticated air; and provided the. Proportion 
be adjuſted, little or no nitrous air will be 
produced. In like manner, red nitrous va- 
pour, or red nitrous acid, from its attraction 
to dephlogiſticated ait, will unite. to de- 
phlogiſtitated marine deĩd, and not a par- 
ticle ofeuitrous ait will be produted : bere 
rhe attraction of both acids to dephlogiſtilo- 
gated air is nearly equal; therefore they 
unite without a ſeparation, of either of their 
principles. Hence ariſes the difference be- 
tween yhat is called aqua regia, and dephlo- 
giſticated marine acid; for When marine 
acid is even combined with a ſufficiency of 
dephlogiſticated air to form dephlogiſticated 
marine acid, it will influence the nitrous 
vapour ſo as to render it impoſſible to ſepa- 
rate them, from their nearly equal degree of 
volatility. Although, the, heat generated by 
the admixture of the marine and perfect ni- 
trous acid, ſhews the more intimate union 
of the dephlogiſticated air of the nitrous 
acid to the marine; yet the volatility of the 


1 
141 


1 P 4 compound, 


E 
* 


r n . * = LU = * 
N 3 s da 543 = * a 2 : * — — 


— 4 2 * 
— 4 — — 3 — * 2 * 1 . * 
4 1 FY > 3 - 7 a” _— 8 " * 
3 — — o — — — 4 = * 0 - - wo 2 - — * — 


+. = 
* / - 


x * 3 
* 
8 


— 


. 


ONS 
SE INS 


Ta 


ES 
** 


* D. 2 2 CO 23 ry * 


NY 8 I 
- — 
- — — -F 


its molecules gravitate towards each other, 
accounts for theſpecific gtavityof aqua tegia. 
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compound, or the little foree with which 
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Dr. Prieſtley diminiſhed common air by 
paſſing the electric ſpatk in it; in cbntact 
with marine acid; and thougk he con- 
tinued the operation ſome time after the 
contraction took place, the reſiduum neither 
increaſed nor diminiſhed*. Dephlogiſticated 
marine acid expoſed to the ſolar light will 
yield dephlogiſticated air, 29 Rok. 82 
Theſe two facts, not to adduce any more, 
are ſufficient to eonfirm the antiphlogiſtie 
doftrine; When Dr. Prieſtley took the 
electric ſpark in common air, in contact with 
dephlogiſticated marine acid, it was di- 


' miniſhed to one half; but I ſuſpect, as 
ſome of the phlogiſticated air 3 


that nitrous acid had been formed. 

Thus finding that this change! in livin 
acid depends upon its union to dephlogiſti- 
cated air ſimply, we can eaſily account for 
the calcination of metals in this acid, 
without the extrication of inflammable 
air; for N the metal takes this de- 


IP Val. VI, p 340. 
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phlogiſticated air from the marine acid, it 
cannot recover it again from the water; 
therefore ĩt re- acts on the metallic calx, and 
diſſolves it. From the attraction of com- 
mon marine acid to dephlogiſticated air, it 
will diffolve the calces even of thoſe metals 
which it has no power over when in their 
metallio ſtate, without producing inflam- 
mable air. We can explain on the ſame 
principle, why dephlogiſticated mat ine 
acid will not diſſolve metallic calces; for 
the marine baſis and the metals being ſa- 
turated with dephlogiſticated air, cannot 
influence each other until either loſes a 
portion of its air, by which this neutrality 
or equilibrium is deſtroyed. The effect of 
perfect or pale nitrous acid on manganeſe 
and other metallic calces confirms this; 
for, as the immortal Scheel has long ſince 
obſeryed, this acid muſf be deprived of a 
portion of its dephlogiſticated air, before it 
can difſolve them; and this is done by the 
addition of any ſubſtance which attracts 
dephlogiſticated air, ſuch as ſugar, ſpirit 
of wine,  &c. 

The converſion of ſulphur into vitriolic 
acid by dephlogiſticated marine acid, is ra- 
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ther againſt the phlogiſtic theory, when we 
conſider that this again, when combined 
with clay, and expoſed to heat, will yield 
dephlogiſticated air. This I mention, be- 


cauſe Mr. Kirwan urges it againſt the anti- 


phlogiſtians. Bergman ſays, that ſulphur is 


not vitriolated in dephlogiſticated marine 


acid; but, not having repeated the experiment, 
I muſt reſt in ſuſpenſe. Several other facts 
might be adduced in favour of the antiphlo- 
giſtic doctrine, but iin my opinion it is un- 


neceſſary to ſay any more. Indeed I think 


every ſingle fact in chemiſtry is in its favour, 
even thoſe that have been urged in oppoſition 
to it. Therefore it appeared unneceſſary to 


ſelect from the general ſtock of facts, which 


induced me to adopt ſuch;truths as firſt oc- 
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action of air and fire. That is to ſay, they 
are deprived of cheir metallic brilliancy, 
aſſume an earthy en and acquire 

an additional weight. 

Pbiloſophers vary in opinion reſpecting 
we nature of the calcination of metals. 
The antiphlogiſtians ſuppoſe that metals ate 
_ ſimple bodies, which unite; to dephlogiſti- 
cated air, and form calces; and that the 
mere expulſion of it is ſufficient to reduce 


them again to their metallic ſplendour; and 


likewiſe when charcoal is uſed to reduce 


the refractory calces, that it imparts nothing 


to the metal; but that, by its ſuperior at - 
traction to dephlogiſticated air, it Lok 

this from it, by which it is revived. 
The phlogiſtians, on the contrary, are oy 
opinion, chat metals are compoſed of two 
principles, 


and ſilver, are caleined by the joint 
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principles, viz. metallic baſes, and phlo- 
giſton (or light inflammable air), in a ſolid 
ſtate. Although all the phlogiſtians allow 
that dephlogiſticated air unites to ſome 


of the metals during calcination, yet 


they do not agree with reſpect to the na- 


ture of the union. Some phlogiſtians ſup- 


poſe that the dephlogiſticated air unites to 
the phlogiſton of the metal, and forms 
water, which combines with the metallic 
baſis; and conſtitutes the calx. Others are 
of opinion, that fixable air is ſometimes 
formed. Dr. Prieſtley thinks that metals, 
during their calcination in dephlogiſticated _ 
air, unite to the water ſuſpended in it, at 
the fame time that the gravitating matter, 
or acidifying principle of the dephlogiſti - 
cated air, unites to its Finn and n 
an acid. ' 
Theſe are the Jateft bee opinions in 
the phlogiſtic doctrine reſpecting the calci- 
nation of metals. That metals give out no- 
thing, but take in dephlogiſticated air dur- 
ing calcination, appears from Dr. Prieſtley's 
and Mr. Lavoiſier's experiments; but that 
this abſorption depends on inflammable air 
(or phlogiſton) has not been proved, arid, in 
7 | my 
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my opinion, there have been very little 


grounds for ſuch an bypotheſis. 


Allowing metals to be what the, pbig⸗ 
giſtians ſuppoſe, is it likely that phlogiſton, 


which muſt be the ſame wherever it is, or 
however combined, ſhould at one time form: 
fixable air, and at another time water; or, 
according to Dr. Prieſtley, nitrous acid ?. 
The former doctrine is certainly an excel» 
lent improvement on the phlogiſtic theory; 
for, without it, this could not ſtand its, 
ground much longer. But although this 
hypotheſis of fixable air may at firſt ſeem 
plauſible in calcination in the dry way, yet 
that advantage is totally loſt when acids are 
uſed. Fixable air is formed during the cal- 
cination of mercury per ſe, according to 
Mr. Kirwan; ſo that mercurius calginatus 
is a compound of a metallic baſis and fix- 
able air, as are likewiſe all the mercurial 
calces. The phlogiſtians may perſiſt in this 
hypotheſis, for, in my opinion, it appears 
very favourable to them, iſt, Beaauſe it is 
very woll known that fixable air is com- 
poſed of dephlogiſticated air and hæavy in- 

flammable air, and therefore can be ſup- 

poſed to impart phlogiſton during its de- 
compoſition. 


„er. ö 


gig . : | N C 
4 4 A x - — . - "> _—_ os . 5 — * 
2 = F. A _ * . = Pra my f * | a8 E: o . mY -— 08 N 
A < is — — : «* * =” mY * 
© 7 — yy . . — - * My 8 4 * 7 


** 
Mr 
| 
g 
5 

' 

I 
TN 

I 

| 

q 

j 

4 
V 
8 

. | 

« 
227 

Tl 


Lo —_— 


r * * 


— EY 


1 
2 —— 


6 
= compoſition, | 2dly, Beciuſe a vaſt quantity 
| of nitrous air is Produced during the cal- 
cination ' of mercury in the nitrous acid, 
which they ſuppoſe to be the phlogiſton of 
the metal and nitrous baſis intimately com- 
bined. 3dly, Becauſe this laſt ſuppoſition of 
nitrous air could not be admitted but on 
the doctrine of fixable air, as the nitrated 
calx is reduced without addition; which, 
according to the phlogiſtians, would be im- 
poſſible, as the nitrous air carried off its 
own phlogiſton, unleſs it was united with 
—— g which could impart phlogiſton to 

Hence we find that, laying aſide the 
Sau of fixable air, phlogiſton muſt be 
ſubverted. As the phlogiſton of the mercury 
is carried off in the nitrous air, according to 
the phlogiſtians, and of courſe no phlogiſton 
left to form fixable air, which is neceſſary 
to the calciform ſtate of the mercury, Mr. 
Kirwan has been pleaſed t to ſay, that fixable 
air is one of the conſtituent principles of 
nitrous acid itſelf, and that it unites to the 
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mercurial baſis ready formed. I hive al- 
ready given my reaſons for refuſing my af- 

| ſent to this; and it has appeared that phlo- 

a Siſton, or light inflammable air, does not 
enter 
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enter into the conſtitution of nitrous air ; 
therefore it 18 evident, that the doctrine of 
fixable ait is as deluſive as any other phlo- 
giſtic doctrine. Mercury, as that great phi- 
loſopher Mr. Lavoifier has firſt obſerved, 

unites to a certain portion of dephlogiſti- 
catedair during its calcination per ſe, and the 


additional weight of thecalx correſponds with 


the weight of the air abſorbed. By the 
mere application of heat the air is expelled 
again, and the mercury is revived. Laying 
aſide all prejudices, this moſt undoubtedly 
is a ſtrong argument in favour of the anti- 
phlogiſtic doctrine, and is to me, together 


with the facts already adduced, a convin- 


cing proof of the truth of it. Mr. Kirwan 
would explain this proceſs in the following 


manner, viz. That the phlogiſton of the 


metal unites to the dephlogiſticated air, and 
forms fixable air, which, re- uniting to the 
metallie baſis, conſtitutes the calx; but 
when a greater degree of heat is applied 
than was neceſſary to the calcination, that 
this fixable air is decompoſed, by which its 
dephlogiſticated air is diſengaged, at the 
ſame time that its phlogiſton re- unites to 
the ene baſis. Even loſing ſight of 

what 
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what has been already adduced on the ſuh- 
| ject, it appears to me, that this mode of 
reaſoning, if ſtrictly ſcrutinized, will be 
Found to carry with it ſelf-contradiQtion, 
For, in the firſt place, it ſhews that phlo- 
giſton, or the matter of light inflammable 
air, has greater affinity to dephlogiſti- 
cated air than it has to the metallic baſis, 
In the ſecond place, during the revivification, | 
this evidently appears not to be the caſe, 
If mercurius calcinatus were compoſed of 
three principles, viz. a metallic baſis, phlo- 
giſton, and dephlogiſticated air; and if the 
two latter were intimately combined from 
their ſuperior attraction in the ſtate of fix- 
able air, and attached to the metallic baſis, 
is it likely that any degree of heat, but par- 
ticularly that ſufficient to revive mercury. 
would ſeparate the conſtituent principles of 
the fixable air; more eſpecially when they 
attract each other with greater force than 
the metallic baſis does either? This ſtill 
appears the more improbable, when we 
conſider the volatility of fixable air and of 
its conſtituent principles. Is it not the 
property of fire to promote the elective at · 
traction of bodies, or elſe to reſolve com- 

| pounds 
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pounds into their conſtituegt principles ? 
And is not this eſtabliſhed law wholly per- 
verted, if we ſuppoſe mercury to contain 


phlogiſton (or the gravitating matter of 


light inflammable air)? 
Indeed, there are ſome circumſtances in 


which bodies will decompoſe others of ſu- 


perior attraction, when expoſed to heat; as, 
for inſtance, phoſphoric acid will decompoſe 
vitriolated tartar; but this proceeds from 


the extreme fixity of the alkali and phoſ- 


phoric acid, and the volatility of vitriolic 
acid'; a circumſtance which does not in- 
terfere in the reduction or calcination' of 
mercury. 


If mereury were a ſimple body, whoſe 


ultimate particles attract dephlogiſticated 
air, but which, from their own influence 
on each other, cannot unite to it until this 
is counteracted by heat, we could account 
for the calcination of mercury, and the de- 
compoſition: of the calx again when expoſed 
to a ſtronger heat, on the ſame principle 
that copper and zinc, or gold and mercury, 


or tin and mercury, unite in a low heat, and 


ſeparate again in a higher degree. 

If the calces of mercury contained fix- 

able air, they would yield ĩt during their re- 
Q_ duction 
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duction in light inflammable air; which 1 
not the caſe, as appears from Dr. Prieſtley's 
experiments. This philoſopher heated red 
precipitate of mercury in contact with light 
inflammable air, in cloſe veſſels, until eight 
ounce meaſures were abſorbed, and no fix- 
able air was produced, but a * 
of water . 

Mr. Kirwan would ay, that the/fixable 
air is here decompoſed, or rather condenſed 
into water; which hypotheſis is founded 
upon no experiment whatever. For I am 
perſuaded that no chemiſt can convert all 
the principles of fixable > into water, or 
into any other fluid, 

If fixable air was decompoſed during the 
reduction of mercurial calces, the | ſame 
ſhould take place during the revivification of 
white lead in light inflammable air, which, 
we know, contains fixable air in great abun- 
dance; but this does not appear to be the 
caſe. If fixed air be convertible into 
water by intenſe heat, as Mr. Kirwan ſup- 
poſes, fixed vegetable alkali, or barites, 
ſhould not yield it after they have been ex- 

poſed to a ſtrong heat for ſome time; or the 


#* Vol, VI, p. 129. | Ay 8 
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electric ſpark would condenſe it into water, 
which Dr. Prieftley has ſhewn does not 
happen; though, as he has obſerved, a par- 
tial decompoſition had taken place. I fre- 
quently mixed an aſcertained quantity of 
_ fixable air with a charge of light inflamma- 
ble and dephlogiſticated air; and though I 
inflamed them by paſſing a ſtrong electric 
ſpark in them, I found no ſenſible change in 
the fixable air. From theſe and many other 
fimilar circumſtances I am led to believe, 
if the calces of mercury contained fixable 
air, that we ſhould obtain it when we ſup- 
ply the metallic baſis with pure phlogiſton. 
It is ſurpriſing to me, if metals be com- 
poſed of ſo volatile a ſubſtance as light in- 
flammable air and fixed baſes, that we 
cannot ſeparate them in the moſt intenſe 
heat. Surely all the metallic baſes are not 
the ſame. Therefore we ſhould ſuppoſe 
that there might be one or more amongſt 
them all, that would be ſo little tenacious 
of their phlogiſton as to yield, if not 
the whole, a portion of it when urged with 
a fierce heat. Vet the phlogiſtians them- 
ſelves could never obtain from metals what 
they ſo earneſtly contend for, without the 
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preſence: of water. - Indeed, Du Pricey 
acknowledges that metals will not give a 
particle of air without water. As to a me» 
tallic baſis, they have not yet been able to 


produce it. Therefore it is obvious, that 


the contention or difference: between the 
phlogiſtians and antiphlogiſtians is. this.: 
the former are led away by imagination, 
and the latter confine. themſelvey ta the 
evidence of their ſenſes, I. charged four 


drachms of iron filings, which Þ carefully 


prepared, into a ſmall. glaſs retort; and 


| though I applied heat ſufficient to melt 


the glaſs,. L obtained little more than one 
cubic inch of inflammahle air; and this was 
produced in the beginning of the proceſe; 
ſo that it muſt have proceeded from moiſ- 
ture. I expoſed lead, tin, zinc, biſmuth, 
cobalt, copper, and regulus of antimony, 
to heat ſufficient to melt caſt iron, in a 
well cloſed deep crucible; and although 
I ſublimed and diſſipated all of them (copper 
excepted), I could not effect the ſmalleſt 
change in their conſtitution; for what ſub- 
limed and adhered to the upper part of the 


crucibles, poſſeſſed its natural brilliancy and 


* gravity, Mr. Kirwan ſuppoſes that 
fixable 


(6229 
hxgble. air is only formed during calcination 
in a low beat, but that wattr is formed in 
a higher degree. If it were fo, red lead 
would not ,yield, dephlogiſticated airz for 
the phlogiſtians will not allow the decom- 
poſition of water. Mr. Kirwan attempts 
to obyiate this by ſaying, that red lead is 
prepared in a low degree of heat, but that 
litharge, which requires a higher, will afford 
none. However, I converted litharge into 
red lead in a degree of heat not much ſhort 
of that which will convert red lead into li- 
charge; and it gave dephlogiſticated air in 
ſmall quantities ; and by the addition of 
oil of vitriol I, obtained dephlogiſticated 
air from it in abundance, but not a particle 
of fixable air. Part of the ſame red lead, 
expoſed to the atmoſphere for a few weeks, 
yielded fixable air both with and without 
vitriolic acid ; which induces me to think 
that fixable air is not a neceſſary ingredient 
in red lead, but that it abſorbs it after it is 
formed, | 
The truth is, minium contains more de- 
phlogiſticated air than litharge does; and, 
in its tranſition from the former t the latter, 
it parts with it, as Dr. Prieſtley has ſhewn. 


LOS And 


— * LEES mY _ . * 
2 ——— — . 5 
* . . _ - > - #4 4 _ 
4 4 * * 4 « 
© „ * . * * > * * hy — * 


—— — . 


8 8 o 
4 HW: > 
> i 4 


Say 
— 


* — 
n 


bo AS 
=: + 1 


—— x — * 
ä r 
oe SEE a 


( 230 ) 


And as Titharge contains leſs of dephiogitt- 


cated air than minium, it is the more tena- 


cious of it, and willnot give it up until ſorhe= 
thing elſe is preſented to it which has greater 
affinity to the air than the lead has, Dr. 


Higgins has ſhewn, that 75$1,5 gr. of li- 


tharge, when com pletely reduced, will yield 
6835,2 gr. of pure lead, and that 7680 | 
of red lead will yield but the fame in| ; 
whence he juſtly inferred, that 6345,2 gr. of 


lead require, in order to become minium, 


98, 5 gr. more of air than is neceſſary to its 
converſion into litharge. To confirm this, 


he converted the above quantity of minium 


into litharge, and obtained during the pro» 
ceſs 98, 5 gr. of air, 24 of which he found 
to be fixable air, and 74,5 dephlogiſticated 
mixed with phlogiſticated air“. This does 


not correſpond with Mr, Kirwan's account 
of a ſimilar proceſs ; for he found that mi- 


nium, doring its tranſition to litharge, ab- 


ſorbed air+.. 


The expulfion of able air from mini- 


um and other metallic calces, which Mr. 
Kirwan ſeems to lay great ſtreſs upon, does 


* Exp. 1 Obs on Acet. Acid, &c. p. 210. 
I Eſſay on Phlogiſton, + . 
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not in my opinion favour his hypotheſis in the 
leaſt ; for, if the dephlogiſticatedair abſorbed, 
formed fixable air by an union to the phlo- 
giſton of the metal, conſidering that ſome 
metals are revived again without the addi- 
tion of foreign phlogiſton ; it ſhould ſeem 
that metals never ſuffer any part of their 
natural portion of phlogiſton to be carried 
off: and, indeed, if metals contain what they 
call phlogiſton, it muſt be ſo; for I found 
that red precipitate, or turbith mineral, re- 
cently prepared, afforded no fixable air, 
although. Dr. Prieſtley diſcovered a trifling 
portion of it in dephlogiſticated air ob- 
tained from mercurius calcinatus. But 
much depends upon the time theyare kept ; 
for they abſorb fixable air from the atmo- 
ſphere, like all other ſpongy or porous ſuh- 
ſtances. Hence I think, that the fixable air 
obtained as well during the calcination of 
metals, as afterwards from their calces, de- 
nds upon ſome impregnation in the ma- 
terials, and does not in the leaſt tend to 
prove the exiſtence of phlogiſton in metals. 
Iron quickly calcined by fire, or in the ni- 
trous acid, will not yield a particle of fix- 
e air, though ruſt of iron will afford it in 
Q 4 abundance, 
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abundance. Mr. Kirwan may object to the- 
former procels, by faying, that water is 
formed during the calcination; but this 
cannot be ſajd when the calx is prepared by 
nitrous acid, Therefore, if the calcination in 
the nitrous acid depended upon an union t& 
fixable air, why ſhould not this afford fix- 
able air as well as the ruſt of iron, when 
both appear equally well calcined? 

Dr. Prieſtley calcined iron ſhavings over 
mercury in dephlogiſticated air, by means 
of a burning lens, and found ſome fixed air 
in the reſiduum, but it was not more than 
the 13th of a meaſure, after the abſorption of 
7 ounce meafures of dephlogiſticated air, 
The fame philoſopher | reduced a quantity of 
the calx of iron, carefully prepared, by 
means of ſpirit, of nitre in light inflamma- 
ble air; but it does not appear that he oh- 
tained fixable air“. He likewiſe reduced 
17 gr. of lead in alkaline air: the reſiduum 
was phlogiſticated air, and it did not con- 
tain a particle of fixable air. Dr. Prieſtley 
reduced 150 ounce meaſures of light in- 
flammable air to 10 ounce meaſures, by re- 


ducing 
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qucing in it the calx of lead over mercury, 
and the reſiduum contained no fixable air ®, 
If the fixable air generated during the 
calcination of the iron, in the above experi- 
ment, progecded from its phlogiſton and de- 
phlogiſticated air, why was not fixable air 
formed during the reduction of the calces, 

whereas they were expoſed a to he ſame 
degree of beat? 

Ig my opinion, metals contain ſomething 
not. at all neceſſary to their conſtitution, 
which forms fixable air with dephlogiſtica- 
ted air. The phlogiſtians muſt all allow, 
if metals contain phlogiſton or inflam- 
mable air , -that it. 1s of the exploſive kind 3 
for no other is obtained during their calci- 
nation in the humid way, whatever men- 
ſtruum is uſed. Then why does not this 
form fable air with the dephlogiſticated 
air during the revival of the calx of mer- 
cury in it, if a ſubſtance of the ſame ſort be 
united to it in the ſtate of fixable air in 
the calx? The phlogiſtians will ſay, that 
the heat neceſſary to the reduction is too 
great for the formation of fixable air. But 
then, if ſo, why will inflammable air from 
foliated tartar, or from charcoal, which 

* Vol. VI. p. 9. 
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are known not to contain a particle of ready 
formed fixable air, generate this under the 
ſame circumſtance? Or why will it form 


| fixable air in the moſt intenſe degree of 


heat? I aſk, if there ever has been an in- 
ſtance of the formation of fixable air by an 
union of light inflammable air and de- 
phlogiſticated air? It appears to me a mats 
ter of impoſſibility. Therefore, how can 
we ſuppoſe that the fixable air produced 
when we ufe iron filings and red precipitate, 


reſults from an union of both theſe airs ? © 


Dr. Prieſtley obtained 40 ounce meafures 
of fixable air from one ounce of red prects 


pitate and two ounces of -iron - filings *. 


From 300 grains of iron newly filed, and 
240 of red precipitate, Mr. Kirwan obs 
tained no air; but, on the contrary, there 
was an abſorption, | When he uſed precipi- 
tate per ſe, inſtead of red precipitate, and 
varied the proportion, and ſprinkled the 
ingredients with water, he got 4, 5 cubic 
inches of fixable air, aud 36 of a mixture of 
dephlogiſticated and inflammable air. Mr. 


De la Metherie obtained no air from equal 


* Vol. VI. p. 27. 
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parts of ted precipitate and iron filings; 
and from two ounces of red precipitate, 
and one drachm of iron filings, he obtained 


a very ſmall quantity of fixable air. Equal 
parts of lead and red precipitate gave no air 
at all to Mr. Kirwan, though the lead was 
nearly calcined. 240 gr. of biſmuth, and 
the ſame quantity of red precipitate, diſtil - 
led with a low heat, afforded Mr. Kirwan 
two ounces of fixable air. The ſame mix- 
ture, urged with a ſtrong heat, gave but 
one cubie inch of fixable air, and the biſ- 
muth was calcined. Equal parts of red 
precipitate and zinc did not produce any 
air; nor did 200 gr. of copper, and 240 of 
red precipitate, the N was re- 
vived +. 4%. 
One ounce of red otecipltate, and one 
ounce and a half of iron filings newly made, 
diſtilled in a ſmall coated glaſs retort, afford- 
ed but ſix ounce meaſures of fixable air, 
and about one ounce meaſure of phlogiſti- 
cated air, though the mercury was nearly 
revived, and the iron a good deal calcined, 
I ſuſpect that the iron was impure, for the 
air had the ſmell of volatile vitriolic acid 
* 27. Roz. 146. 
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towards the end of the prpceſs; and as 1 
was obliged to receive the airs in water, 4 
ſmall portion might have heen ahſorbed. 
However, theſe experiments differ widely 
from Dr. Prieſtley s, and clearly prove, that 
fixable air is not a neceſſary Production in 
them; but that it depends upon chance, and 
the preſence of ſome farrign fahl ef n 
we are not aware of. g. 
Dr. Prieſtley partially e lead in 
mercury by repeated agitation, with free 
acceſs of air ; and-after ſeparating the fluid 
mercury from a black powder thus obtained, 


it afforded ſome fixable-air. From fix ounces 
of this black powder he obtained a four and a 


half ounce meaſures of air, one and à half 
of which was fixable air . 10 ounces of 
the ſame powder gave 23 ounce meaſures of 
air; 8 or 9 ounces of which were fixable 
air. 4 ounces of this black powder, and 
2 ounces of iron filings, gave only 4 ounce 
meaſures of fixable air . 20 ounces of this, 
and one of iron filings, afforded but 4 or 
5 ounce meaſures of fixed air I. 2 ounces 
of this black powder, moiſtened and dried 
again, gave very little fixed air 5. Al- 
* Vol. VI. page 258. + Ib. p. 261. 
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though q ouncer; treated in the fame man- 


ner, afforded r20 ounce meaſures of air, 12 
ray which were fixed air. 

Thus we find how theſe experiments 
vary in their reſults ; which ſhews that the 
faxable air proceeds partly from ſome im- 
purities in the materials, but chiefly from 
abſorption of fixable air from the atmo- 
ſphere. I diſtifled fome mercury with iron 
filings, in order to ohtain it pure, and in- 
troduced fix ounces of it, and ſome lead 
filings, intoa five ounce phial with a ground 
ſtopple, and tied a bladder half full of 
depklogiſticated air, which I previouſly 
waſhed in lime liquor, to the neck of it. 
The bladder being flaceid, I could take out 
the glaſs topple at pleaſure, and let in de- 
phlogiſticated air when I thought neceſ- 
fary. Having by repeated concuſſions pro- 
duced ſome of this black powder, though 
the air in the bladder did not ſeem much 
diminiſhed, I diſcontinued the proceſs; fear- 
ing that the wet bladder might be a ſource 
of fixable air. When I ſeparated the run- 
ning mercury from it, it weighed near half 
an ounce, which I quickly introduced into 
a. 2 coated glaſs; retort, and obtained 
1. I from 
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from it one ounce meaſure. of air, which; 
although it rendered lime-water à little 

turbid, was not ſenſibly diminiſhed, and a 
candle burned in it ſomewhat Mons than 

in common air. 

Having enumerated thoſe np 

which the phlogiſtians adduce as the chief 
ſupport of their doctrine, I think, they do 
not in the leaſt help to prove the exiſtence 
of phlogiſton in metals. Let us review 
them all, and carefully compare their dif- 
ferent products of fixable air, and we ſhall 
be convinced that it cannot reſult from any 
neceſſary principle in metals; for, if ſo, 
the products ſhould be invariably the ſame 
under the ſame circumſtances. 

' Beſides, I think, the reduction of one 
metal by another, in the dry way, rather 
proves that they contain no ſuch thing as 
the matter of light inflammable air, or phlo- 
giſton. For, let us ſuppoſe the dephlogiſti- 
cated air to be united to the phlogiſton of 
the metal, in the ſtate either of fixable air or 
water, and theſe to be attached to the metallic 

baſis with any force; is it likely that the phlo- 
giſton of another metal, which is intimately 
combined with its own baſis, ſhould diſturb 

this 


SS 
— a. — * 
* 


„ = 


- as oo 2 


— „ 


. * 


. * — 
e EVE 


» — 


( 2390 

this union in the leaſt? The phlogiſtians 
may ſay, that the baſis of the reviving metal 
(we will take, for inſtance, copper) attracts 
the fixable air or water of the calx at the 
ſame time that the baſis of the calx attracts 
its phlogiſton ; and ſo, by a double affinity, 
effect a decompoſition. But I would ob- 
ſerve, if ſuch a decompoſition ſhould take 
place, in conſequence of the influence 
of. their different metallic baſes, that it muſt 
be impoſlible for us to obtain either water 
or fixable air, as a product reſulting from 
any of the conſtituent principles of the 
metal, in the degree of heat neceſſary to re- 

duce red precipitate. Becauſe, if the iron, 

or copper, or zinc, or biſmuth, all of which 
will reduce-a mercurial calx, ſhould ex- 
change their phlogiſton for the fixable aic 
or water of the calx, they muſt undoubted- 
ly retain this with at leaſt as much force as 
they do their phlogiſton; and it is well 
known that no heat will expel this from 
them. 1 5 
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0 the Calkination of Metals ty Steam, and 
tbe ee of- Water. 


R. Lavoifier has ſhewii us, that ſteam, 
when brought in contact with red 
hot iron, calcines it, at the ſame: timo that 


inflammable air is abundantly produced; 
from which he' inferred; that the water is 


decompoſed, He likewiſe found chat the 


water is decompoſed by iron withour the 


aſſiſtance of heat; for he obtained inflann 


mable air by confining iron filings. and. 
water over mereury. Dr. Prieſtley, who has 


made a vaſt number of very aecurate expe- 
riments on the ſame ſubject, has found that 


2094 gr. added to the weight of a quantity 


of iron, made it to yield 1060- ounce mea- 


ſures of inflammable air, which he eſti- 


mates would weigh 60 gr. and which is 


nearly 5 to 15. But this eſtimation, ac- 


* Vol. VI. p. 121. 


cording 


624 

cording to Lavoiſier and Kirwan, is too 
high. Dr. Prieſtley likewiſe found, that 
the addition af 12 ounce meaſures of de- 
phlogiſticated air added 6 gr. to the weight 
of the iron which had been fuſed in 8 
Therefore, the dephlogiſticated air abſorb- 
ed, carries with it into the calx the quan- 
tity of water it holds in ſolution. Whe- 
ther a quantity of dephlogiſticated air, when 
as much water as poſſible is abſtracted from 
it, would calcine the ſame weight of iron, 
or any other metal, that it would in its or- 
dinary ſtate, is very well worth aſcertain- 
ing. As this cannot be done without the 
aſſiſtance of a lens, it. is not in my power, 
at preſent, to make the experiment. The 
ſame philoſopher obſerves, that, making an 
allowance for the ſmall quantity of dephlo- 
giſticated air expended in the formation of 
fixable air during calcination, which. did 
not exceed the 13th of an ounce meaſure in 
7 ounce meaſures of dephlogiſticated air, the 
quantity of water produced by the reduc- 
tion of the iron in light inflammable air, 
nearly correſponded with the weight of 
both airs. He moreover obſerves, that the 
lofs of weight i in the iron, after its reduc- 

R tion, 


02% 
tion, was equal to that of ſuch a quantity 
of dephlogiſticated air as would have been 
one half of the bulk of the inflammable air 
that diſappeared in the proceſs *. - A mix- 
ture of 1 part of dephlogiſticated air and 
2 of light inflammable air, provided the airs 
be pure, will, by paſſing the electric ſpark 
in it, form water, as Mr. Caveridiſh has 
ſhewn ; which proportion very well agrees 
with the above eſtimation of Dr. Prieſtley. 
All theſe facts ſtrongly concur in favour of 
the decompoſition of water. I charged half 
an ounce of charcoal into a ſmall tubulated 
retort; the orifice was very ſmall, and 
well fitted with a ſtopple, though, from its 
conical figure, it was readily taken out at 
pleaſure. Having then expoſed the char- 
coal to a ſtrong heat until nothing came 
over but pure inflammable air, and this 
very ſlowly, I took out the ſtopple, and 
poured in neatly half a thimble full of 
water, and inſtantly cloſed it again ; when 
3 or 4 ounce meaſures. of air guſhed from 
the retort. with violence, and then ceaſed 
giving out any more until freſh water was 


* Vol. VI. p. 121. 
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introduced. Thus I obtained 10 or 12 
cubic inches of air, of which one-fifth was 
fixable air, and the remainder inflammable, 
intermediate, I thought, between the light 
and heavy. 
It is very well known that charcoal is 
wholly convertible into inflammable air, 
and that this inflammable air cannot, by 
any means whatever, form fixable air with- 
out the preſence of dephlogiſticated air *. 
Therefore water muſt have been decompoſed 
in the above experiment, by which the mat- 
ter of charcoal was ſupplied with dephlo- 
giſticated air. Dr. Prieſtley converted the 
whole of a quantity of charcoal into inffam- 


mable air, without the ſlighteſt appearance 
of fixable air +, 
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It may be ſuppoſed chat the atmoſpheric air, by preſſ- 
ing into the retort, contributed to the formation of the 
fixable air; but if ſo, fixable air would have been pro- 
duced by merely taking out the ſtopple, which was not 
the caſe: beſides, atmoſpheric air could not ruſh in 
during the ſhort time the ſtopple had been out, conſider- 
ing that the charcoal yielded inflammable air, and that 
the preſſure of the water up the neck of the retort muſt 


more than counterbalance the external preſſure of the 
atmoſphere. 


+ Vol. VI. p. 245. wes SITS 
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Mr. Lavoifier, having carefully calcined 
a a quantity of charcoal, in order to expel 
any water or fixable air it might contain, in- 
troduced 248,62 gr, troy of it into an iron 
tube lined with copper, and having paſſed 
through it 1122 gr. of water, in the ſtate 
of ſteam, obtained 6644 cubic inches of 
air, whoſe weight he eſtimated at 550 gr. 
one-fourth of the bulk of which he found, 
by introducing cauſtic alkali, to be fixed 
air; and there remained 5 grains of aſhes 
in the tube. As the weight of the airs pro- 
duced was more than double that of the 
charcoal, he inferred that the water muſt 
have been decompoſed ; its oxygenous prin- 
ciple uniting to a portion of the charcoal, 
and forming fixable air, while the remainder 
acquired an aerial ſtate, and mixed with the 
inflammable air of the water. That water 
had been decompoſed in this experiment is 
evident; elſe, whence came the fixable air? 
for, from Mr. Lavoifier's previous treat- 
ment of the charcoal, it could not contain 
any. 
Mr. Kirwan does not allow the decom- 
polition of water in the above experiment. 


.-" He ſuppoſes that the fixable air came from 
4 | . | the 
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the charcoal, being one of its conſtituent 
principles, and that the inflammable air is 
its other conſtituent principle, and that the 
additional wei ight proceeded from the ſolu- 
tion ca water in both airs. 
r. Kirwan' 8 firſt ſuppoſition is abſolute- 
17 Seeed by Dr. Prieſtley's experi- 
ments , where he has ſhewn that charcoal 
does not contain an atom of fixable air. 
Therefore, to ſay any more on the ſubject 
would be ſuperfluous. That water is held 
in ſolution in all airs, is what we do not 
diſpute, but not in that quantity which the 
phlogiſtians imagine. A ſmall quantity of 
moiſture is undoubtedly neceſſary to the 
converſion of charcoal into pure inffam- 
mable air: if a little more be uſed, fixable 
air is produced in very ſmall quantities; 
but if a larger portion of water be uſed, the 
quantity of fixable air is ſtill greater. The 
extremes Dr. Prieſtley obſerved in the pro= 
portion of fixed to the inflammable air has 
been from one-twelfth to one-fifth of the 
whole. Why the ſmall quantity of water 
neceflary to the aerial ſtate of charcoal ſhould 
not be decompoſed, is difficult to be ac- 


* Vol. VI. p. 345. 
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6246) 
counted for, eſpecially when a larger quan- 
tity is readily decompoſed. I expoſed ſome 
wort to dephlogiſticated air until it began 
to ferment, yet the air was not in the leaſt 
diminiſhed, though the liquor acquired an 
acid taſte, 'The ſame change took place 
in the liquor when I prevented all commu- 
nications with dephlogiſticated air, 

Theſe facts narrowly inquired into, 
will remove all doubts reſpecting the de- 
compoſition of water. If it were not de- 
compoſed, we could not account for ſeveral 
facts relating as well to the calcination, as 
the reduction of metals. Let us even ſup- 
poſe the inflammable air to come from the 
metal in conſequence of a ſuperior attraction 
of its baſis to water; is it likely that this 
would diſlodge the water again in any degree 
of heat, eſpecially when the inflammable 
air 1s combined with fire ? [t may be ſaid, 

that intenſe heat diſſolves the union of the 
water and the metallic baſis. But ſhould 
not, as already obſerved, the ſame cauſe 
prevent the union of the inflammable air to 
the metallic baſis, if it even were as fixed 
as water, and uncombined with fire, un- 


leſs we ſuppoſe phlogiſton to have greater 
attraction 


( 247 } 


attraction to the metallic baſis, than water 
has ? Then, water could neyer expel | iQ- 
flammable air from the metal. 

To. Account for the e of metals 
by ſteam, Kc. and for the reduction of 
theſe again to their metallic ſplendour in 
inflammable air, we muſt, in my opinion, 
have recourſe to a mode of reaſoning quite 
different, from the preceding; and conſider 
metals to be ſimple bodies, whoſe ultimate 
particles, attract dephlogiſticated air with 
greater i force. than Light inffammable air. 
2 mable air in in this caſe could not decompole 
metallic calces ; but this is foreign. to 
that Which I urged | laſt againſt them. For, 
metals being fixed bodies, and dephlogiſti- 
cated air having ſtrong attraction to fire; 
when calces are expoſed to heat, the force of 
union between them is much weakened, as 
is evident by the reduction of gold, ſilver, 
and mercury by heat alone, having leſs at- 
traction to dephlogiſticated air than the 
other metals. 

To render this more intelligible, let 
us ſuppoſe dephlogiſticated air to be at- 
. tached; to the metal in a common tem- 
R 4 | perature, 
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perature, with the force' of 7. and the at- 
traction of light inflammable air to dephlo- 
giſticated air to be any degree below this, 
we will ſay the forte of 6. Let us now 
ſuppoſe this compound or calx to de expoſed 
to intenſe heat, though not ſtrong enough 
to decompoſe it, yet ſufficient to reduce its 


force of union to its dephlogiſticated air to 
52. If inflammable air were brought in 


contact with the calx in this ſtate, is it not 


reaſonable to ſuppoſe that it would deprive 


it of its dephlogiſticated air ? But then 1 
aſk the phlogiſtians, whether che inflamma- 


ble air could unite to the metal under theſe 
circumſtances ? wy 
TT think this Woke ftrialy conſidered, 


would go a great way towards overthrowing 


the phlogiſtic theory. 8 15 
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of the ReduSfion of Mali Cales by means 


of Charceal, and the F ormation of F ied 
Ar. 


R. Prieftley has eber ved, that fixable 
air muſt have been actually formed 
e the union of heavy inflammable air 


and dephlogiſticated air, as he often found 


that the fixable air produced, exceeded 1. 

weight of the inflammable air. 
Dr. Higgins has ſhewn (and I think T 
am authorized to particularize it, for ! had 
an active ſhare in all the experiments ſet 
down in hĩs laſt publication), that 3,15 gr. 
of the pureſt dephlogiſticated air, and 1,1 
gr. of inflammable air from foliated tartar, 
afford, when inflamed by the electric ſpark, 
2,85 gr. of fixable air. As the weight of 
the fixable air fell ſhort of that of the two 
airs employed, by 1,4 gr. and as there had 
been a quantity of moiſtute precipitated, 
Dr. Higgins ſuppoſes that a part of the de- 
phlogiſticated, 
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phlogiſticated air. unites to phlogiſton, and 
forms water, while the remainder, which 
he eſtimates to be. two thirds of the whole, 
unites to the acid matter of acetous acid, as 
he is pleaſed to call it, and forms the fix- 
able air. When, he uſed inflammable air 
from charcoal, the reſult | was the ſame. 
Theſe experiments clearly ſhew, that fix- 
able air is compoſed of the matter of char- 
goal and dephlogiſticated ait. I have my 
doubts reſpecting the water produced in the 
above experiment: in my opinion, the 
moſt part of it is precipitated from both 
airs gon their contracting an union, as: the 
compound cannot hold in ſolution as much 
Water as its conſtituent prigciples in their 
ſimple a aerial ſtate; although heavy inflam- 
bable air from foliated taxtat contains light 
inflammable air, as appears from Dr. Auſ- 
tin's experiments. But this - I canſider to 
be as foreign to che gravitating matter of 
charcoal, as the matter of ſulphur is to the 
n air, which holds it in ſolution 
in the ſtate. of hepatic gas. For both will 
| burn, or, in other words, will unite to de- 
phlogiſticated air, and form ſeparate com- 
pounds. | I think, neglecting to diſcrimi- 

nate 
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nate between the light and heavy inflam- 


mable airs, has been the chief cauſe of all 


the errors and confuſion that at preſent pre- 
vail in the ſcience of chemiſtry. 

Dr. Higgins introduced ſome pieces of 
well burned charcoal into a deep crucible, 
and covered them over an inch deep with 
powdered. charcoal. Having luted on 2 
cover, he expoſed them for two hours to 
heat fufficient to melt ſilver; he then placed 
the crucible in ſuch a manner, that the 
powder might remain red hot for ſome time 
after the pieces next the bottom had cooled. 


5 This he had done i in order, as the charcoal 


muſt imbibe ſomething on cooling, both to 
ſupply it with inflammable air, and to pre- 
vent a communication with the external 

| air, which the' er would have other- 
wiſe iinbibed. 

One hundred and twenty grains of this 
charcoal quickly powdered were well mixed 
with 7680 gr. of litharge, which had been 
previouſly fuſed to ſeparate any uncalcined 
lead which it may contain, This mixture 
was charged into a coated retort juſt large 
enough to contain it, ſo that the common 
aig muſt haye been nearly ſecluded. Being 

then 
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— placed i in a reverberating' furnace, and 
heat duly applied, it yielded by eſtimation, 
after cooling to the mean temperature of 
| the atmoſphere, 384 gr. of fixable air, 
at the. rate of, 57 Er. to a cubic inch, 
8, 704 of phlogiſticated air, and 0,911 
gr. of dephlogiſticated air, beſides 49 
r. of water. On breaking the retort, 
3888 gr. of revived lead were found, be- 
ſides ſome vitrified litharge ; ; but not an 
atom of charcoal was left, nor was there a 
particle of inflammable air produced“. 
Now let my reader conſider the weight that 
2 f gr. of lead acquire by its converſion 


be SS Af 


(hieb, according to Dr. Prieſtley, i is about 
360 ounce meaſures), and he will find, 
making, an allowance for the phlogiſticated 
air, that theſe nearly correſpond with the 
roportion | of heavy inflammable air and 
dephogiſticated air neceſſary to the formation 
of fixable air by the electric ſpark. Hence 
we may conclude, that not a particle of 
charcoal entered into the conſtitution of the 


Exp. and Obſ. on Acet. Acid, Sect. XIX. p. 274276. 
| 4 revived 


Y 
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revived lead, but muſt have been wholly 
converted into fixable air. Mr. Kirwan 
cannot ſay, that this quantity of fixable air 
exiſted ready formed in the charcoal, when 
it is more than two thirds the weight of 
the charcoal; nor can he attribute this 
weight to water. Then I aſk the phlogiſ- 
tians, whence came the dephlogiſticated 
air which formed this fixable air? If they 
can anſwer this without contradiQting them- 
ſelves, it is more than Iat preſent foreſee. For, 
in the firſt place, if they ſhould ſay that the 
metallic calx affords fixable air, or that its 
fixable air is decompoſed, by which the char- 
coal is furniſhed with dephlogiſticated air, 
they contradict their own aſſertion; for they 
do not allow the refractory calces to contain 
any ſuch thing, but, on the contrary, they 
ſuppoſe theſe to be combined with water. 
In the ſecond place, if they ſhould ſay that 
the dephlogiſticated air is ſupplied by the 
water of the calx, it is contradictory to their 
own principles, for they do not allow the 
decompoſition of water, 
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$ECTION KR. 
Of the Solubility of ' Metals. 


ETALS in their fimple ſtate are in- 


ſoluble in water; but when com- 


bined with acids they are ſoluble. Iron 
and ſulphur fuſed form an infoluble maſs; 


iron and dephlogiſticated air form likewiſe 
an inſoluble compound; but iron, dephlo- 


giſticated air, and ſulphur will form a very 


ſoluble compound. Phlogiſticated air in 
its ſimple ſtate has no ſenſible affinity to 
metals; yet, when combined with de- 
phlogiſticated air, it will unite to them and 
render them ſoluble. The affinity of the ma- 
rine baſis to metals is not known; but that 
they have greater attraction to the dephlo- 
giſticated air attached to it than they have 
to the baſis itſelf, has been already demon- 
ſtrated. That the attraction of the marine 
baſis to metals 1s increaſed by their previous 
| union 


— i 7 
union to dephlogiſticated air, may be in- 
ferred from its property of diſſolving the 
calces of thoſe metals which will not yield 
to it in their ſimple ſtate. That common 
marine acid has an attraction to dephlogiſ- 
ticated air, is very well known; and it has 
been above obſerved, that, when fully ſatu- 
rated with this, it will not affe& metallic 
calces, though it will diſſolve thoſe metals 
which the common marine acid will not 
touch. Oils will not diflolve metals in their 
ſimple ſtate, provided the oils be pure, ex- 
cept iron and copper, which are deſtruct- 


ible wherever they meet moiſture and fix- 
able air, both of which are generally preſent 


in oils. But the oils will unite to'the calces, 
and conſtitute ſoluble ſaponaceous com- 
pounds. As oils have an attraction to de- 
phlogiſticated air, though they cannot unite 
to it in a common temperature, nor take it 
from the metals but by the aſſiſtance of a 


ſtrong heat; it may ſo far influence them as 


to promote their union to metallic calces. It 


is clear from theſe facts, although dephlogiſ- 


ticated air alone will not render metals ſo- 
luble in water, that it is through its media- 
' tion, 
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tion, or influence, that a third body will 


unite, and form a ſoluble compound. But 
which of the three ſubſtances has this ſol- 
vent power moſt inherent in it, is what 
we cannot pretend to explain; nor is it ne- 
ceſſary towards the eſtabliſhment of the 
antiphlogiſtic theory to know this. It is 
fufficient for us to prove, that dephlogiſtica- 
ted air is indiſpenſably neceſſary for the ſo- 
lution of metals in every menſtruum, except 
a few which I ſhall preſently obſerve. The 
foregoing principles will account for Mr. 
Kirwan's firſt four queries, Section 10. I 
muſt confeſs I do not ſee the force of thoſe 
eleven queries of his, nor can I find how 
they oppoſe the antiphlogiſtic theory in the 
leaſt. | 
The moſt rational of his queries are 
explicable in this doQtrine ; and of theſe 
the moſt difficult to be accounted for is the 
ſolubility of ſome calces in the nitrous acid, 


while others are inſoluble in it. But we 


may attribute this in a great meaſure to 
their property of uniting to more dephlogiſ- 
_ ticated air when in ſolution, than they can 
retain in their dry, pure, calciform ſtate, 
Thus the calces of lead are ſoluble in all the 

acids 
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icids, The calces of gold, mercury, and 
filver are likewiſe ſoludle in the nitrous 
acid on the ſame principle. The calces of 
iron, tin, biſmuth, cobalt, zinc, antimony; 
&c. when perfectly calcined, contain more 
dephlogiſticated air, together with the 
quantity which enters into the conſtitu- 
tion of perfe& nitrous acid, than is neceſ- 
ſary for ſolution ; therefore either muſt 
loſe a portion of their air before they can 
unite. 'I do not diſpute but the baſes of the 
different acids have, independent of their 
dephlogiſticated air, different degrees of 
attraction to the different metals. I have 
ſhewn this to be the caſe in treating of the 
vitriolic and marine acid. 

Mr. Kirwan's Toth query is not eaſily ac» 
counted for: before we can attempt this, 
we muſt be acquainted with the conſtituent 
principles of fixed alkali, I doubt whether 
he can give even a plauſible explanation of 
it himſelf, in his own doctrine. The diſſo- 
lution of copper in volatile alkali, likewiſe, 
cannot be accounted for in any theory until 
we know more of chemiſtry. I at one 
time ſuppoſed that it proceeded from the 
abſorption of — air from the 

8 4 atmoſphere 3 
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atmoſphere; but I found this not to be the 
caſe by experiment. Ingeed Mr. Kirwan _ 
might as well have aſked why liver of 
ſulphur, or mercury, diſſolves gold. Mr. 
Kirwan's laſt and 11th query has been ampiy | 
accounted for in n 8 the effect of 
metals on vitriolic acid. ee ee 


SECTION 
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"SECTION: X, 


Of the Precipitation of Metals by each other. 


HAT ſome metals attract dephlogiſti- 
1 cated air with greater force than 
5 is now an eſtabliſhed fact. Gold, 
platina, and ſilver will not unite with it 
in the ſtrongeſt heat of our furnaces. Mer- 
cury, likewiſe, will not unite to dephlo- 
giſticated air until heated ſeveral hundred 
degrees above that which is neceſſary for 
its fuſion only. The reſt of the metals 
will abſorb dephlogiſticated air by mere 
Fuſion, but ſome with greater rapidity than 
others; as for inſtance, zinc, biſmuth, and 
- arſenic. will preſent the phenomenon of 
combuſtion, when ſufficiently heated in 
atmoſpheric air. . Again we find, that thoſe 
metals which combine with dephlogiſticated 
air with moſt difficulty, will yield it with 


the greateſt facilitys Mercury, gold, filver, 
23 and 
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and platina are reſtored to their metallic 
brilliancy by mere heat; while all the other 
calces require the addition, of ſomething 
which has greater affinity to dephlogiſti- 
cated air than their reſpective metals, before 
they can be reduced to their ſimple ſtate. 
The fame order takes place in the preci- 
pitation of metals by each other in their 
-metallic ſtate, Gold is precipitated in its 
ſemi-metallic ſtate by ſilver, and filver by 
mercury, and mercury by copper; and all 
three yield to the reſt of the metals. The 
ſame law holds good with reſpe& to moſt of 
the refractory metals. They precipitate 
each other according to their different affi- 
nities to dephlogiſticated air; although there 
are a few exceptions; but theſe, I fancy, 
proceed chiefly from the attachment of the 
acid baſis to the different metals. Thus 
iron will not precipitate lead from marine 
acid; and regplus of arſenic precipitates 
mercury with difficulty from the vitriolic 
acid. Marine acid will take ſilver from the 
nitrous ; and as we cannot attribute this to 
dephlogiſticated air alone (both acids having 
his in their conſtitution), it is evident, that 
the 
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the acid baſes are differently influenced 
by the different metals. Indeed, if they 
had not different forces of attraction as well 
10 the metals as to the alkalies and earths, 
we could not very well account for the ex- 
pulſion of one acid by another from theſe 
different ſubſtances, more eſpecially when 
the acids are in their perfect ſtate; although 
we may attribute this very frequently to 
the agency of fire. Hence we may con- 
clude, though the acid baſis diſturbs the 
affinity of the oxygenous principle to me- 
tals in a few inſtances, that we are not from 
thence to pronounce the invalidity of the 
antiphlogiſtic theory, 

I have already ſhewn, in treating of ma- 
Tine acid, that the baſis of this acid contri- 
butes much to the reduction of the precipi- 
rated metal, otherwiſe the precipitating me- 
tal could never deprive it of the whole of 
its dephlogiſticated air; and the ſame | may 
be ſaid of the other acid baſes. 

In a neutral mixture of vitriolated copper, 
the calx is held in ſolution by volatile vitri- 
olic acid, which is leſs intimately attached 
to the copper than its dephlogiſticated air, 

"20 Iron 
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Iron will precipitate the copper from this 
os] in its ſimple metallic ſtate. 

In order to illuſtrate this decompolition 
I think it neceſſary to have recourſe to the 
following method: 

Let C be copper, D dephlogilticated ait, 
which (let us ſuppoſe) attract each other 
with the force of 27, (to avoid perplexity, 
reciprocal attraction is not conſidered) and 

let this be the calx of copper. Let V, 
or volatile vitriolic acid, be attached to this 
compound with the force of 3, and let us 

ſuppoſe 2 of this force to proceed from the 
dephlogiſticated air attached to the copper, 
and the remainder, which is but 1, to be 
in conſequence of the influence of the cop- 
per itſelf on the ſulphur and dephlogiſti- 
cated air of the volatile vitriolic acid; there- 


. 

the centre of C — 25 & . 
gravity of V. , 
Let us ſup- 


po thistobe I<— 
he ſtate of a gentral ſolution of copper in the 
vitriolic acid: Here the copper attracts V 
and D with offly the force of 37, and C 


and D attract * with the force of 3. Let 
us 
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us again ſuppoſe Fro be iron, which attract 
V, of volatile vitriolic acid, with the force of 
3, it cannot take it from C and D, which 
hold it with the force of 3ʒ; but it ſo coun- 
teracts the attachment of D and V to C, 
that it is reduced to :. Let us now ſuppoſe 
I, from its attraction to de phlogiſticated 
air, to influence D with the force of 1: in 
this caſr C will be deprived of D and V, 
for the force of 37 muſt readily obey the 
power of 4. This, in my opinion, is what 
takes place in all metallic precipitations. 
If the precipitant cannot take up the whole of 
the dephlogiſticated air of the precipitated, 
it is thrown down in a ſemi- reduced ſtate. 
Thus lead and ſilver will precipitate gold of 
a dirty purple colbur, while copper and 
iron throw it down in its brilliant metallic 
ſtate, If the iron united firſt to the volatile 
vitriolic acid, the reſulting compound'would 
not deprive the calx of its dephlogiſticated 
air, For the calx of copper, diffuſed in a 
ſolution of iron in volatile vitriolic acid 
(although no inflammable air had been diſ- 
engaged), was not in the leaſt reduced. 
Hence we may infer, that the whole force 
of the i iron, in order to throw down the 


84 copper 
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copper in its pure ſtate, * be exerted at 
once towards V and D; by which, with che 
aſſiſtance of V. V and D move Jointly to to 
unite to I, or iron. 1 

If tin be introduced into a, neutral folu- 
tion of tin in the nitrous acid, it is calcined, 
a calx is thrown down, and dephlogiſti- 
cated or imperfect nitrous air is produced. 
Dephlogiſticated nitrous air, according to 
the phlogiſtians, contains no phlogiſton ; 
then I aſk, what becomes of the phlogiſton 


of the newly calcined metal? If tin con- 


tained phlogiſton, either inflammable air or 
nitrous air would be produced, or a portion 
of the diſſolved tin would be precipitated in 


its metallic ſtate; neither of which will 


take place, if the experiment be well con- 
ducted. Hence I ſhould ſuppoſe, that me- 
tals do not precipitate each other in their 
metallic ſtate, in conſequence of Aa double 
affinity proceeding from the matter of light 
inflammable air (or phlogiſton), and like- 
wiſe that metals part with no ſuch thing 
during their calcination in acids, 

Metallic calces do not precipitate each 
other, as the celebrated Bergman has ſhewn, | 


but are rather ſoluble even in neutral ſolu- 
tons 


* 
* 
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tions of different {ON Hence he infer- 
red, that the ſame acid takes up the differ- | 
ent metallic calces without diſtinction, pro- 
vided they have loſt a certain. portion of their 
phlogiſton; but, to ſpeak in the language of 
the preſent time, provided they are not united 
to too muchdeÞphlogiſticated air. To aſcer- 
tain the different degrees of calcination the 
different metals require to render them 
equally ſoluble in the ſame acid, is a diffi- 
cult ; for, as the above excellent che- 
miſt obſerved, a very ſmall quantity of de- 
phlogiſticated air, over and above a certain 
portion, will render ſome metals quite inſo- 
luble ; and the ſame may be obſerved on the 
contrary extreme. | 
Hence apparent exceptions ariſe to this 
law ; for the ſame acid will take up the 
ſome calces, although it will not affect others, 
Thus the acetous acid readily diſſolves the 
calx of mercury, but ſcarcely takes up any 
of the calx of biſmuth. However, as the 
ſame acid does not make that diſtinction 
between the calces that it does between their 
reſpective metals, it is evident that dephlas» 
giſticated air is the chief cauſe of metallic 


Rs although this cannot take place 
when 
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when the” attraction # the acid baſis to 
the metal itſelf, and to the dephlogiſticated 
air attached to it, is deſtroyed. For, when 

the metal is fully ſaturated with dephlogiſ- 
ticated air, it cannot influence the acid ba- 
fis to which it. muſt have much leſs affi- 
nity ; nor can the dephlogiſticated air of 
the calx influence the acid baſis, being al- 
ready ſaturated with dephlogiſticated air ; 
and the metal, havin g all its force of attrac- 
tion to dephlogiſticated air expended on the 
quantity already attached to it, cannot in- 
fluence the dephlogiſticated air of the acid 
baſis in the leaſt: therefore, when perfect 
calces and perfect acids are miged, they do 
not affect each other, except in a few in- 
ſtances, which have been already obſerved. 
Mr. Lavoiſier, who firſt attributed the 
precipitation of metals in their metallic 
ſtate by each other, to the ſuperior attrac- 
tion of the precipitant to dephlogiſticated 
air, deduces the proportion of the oxyge- 
nous principle neceſſary to the ſolution of 
different metals, from the quantity of one 
metal neceſſary to the precipitation of a 
given quantity of another metal, by the fol- 


627 ) 
lowing analogy, which, as 1 cannot at pre- 
ſent refer to the author, I ſhall give in Mr. 
Kirwan's words: As the quantity of 
* the precipitant is to that of the precipi- 
« tated metal, ſo is the quantity of the 
© oxygenous principle neceſſary for the ſolu- 
tion of the precipitated, to that neceſſary 
« for the ſolution of the precipitant. Thus, 


* ſince 135 grains of mercury are neceſſary ; 


* for the precipitation of 100 gr. of ſilver 
« from the nitrous acid, it is evident that 
z gr. of mercury require for their ſolu- 
tion the ſame quantity of the oxygenous 


« principle as 100 grains of filver; and 


« therefore that the quantity neceſſary to 
* diſſolve 100 gr. of mercury, is to that 
* neceſſary to diſſolve 100 gr. of ſilver, as 
„100 to 135. His general formula may 
be expreſſed thus: Let the weight of 
_ ** the precipitant be P, that of the preci- 
e pĩtated , that of the oxygenous principle 
* neceflafy for the ſolution by precipitation 
« of 100 gr. of the different metals, to be 
was expreſſed in the ſecond column of the 
* annexed table, and that neceſſary for ſo- 
« lution only, a8 in the third column.” 

dachte Metals. 
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| Grains, For Solution 


| 100 gr. of Platina, 4 81,690 Py Ls * ; 
Gold, 43.612 N 3 
AD. lion, & 27 
* 5 9 


Copper, 26,000 15. 85 


5 4 Cobalt, 29,190 


Manganeſe, 21,176 
Zinc, 19,637 
D 
Reg. of Ant. 13,746 22, 383 
Tin, 14 23.555 
Regulus of \ 11,739 _ 
_ Arſenic 1 24,743 
Silver, 10,800 
Biſmuth, 9,622 
Mercury, 3, ooo 
Lead, J.4% 14. 190 


Mr. Kirwan objects to this part of the 


antiphlogiſtic doctrine , 1ſt, Becauſe a ſo- 
lution of gold in aqua regia is precipitable 
in its metallic ſtate, by a freſh made ſolution 
of vitriol of iron, but not of copper or any 


*.Eflay on Phlogiſton, p. 1342 
| other 


(+) 
other metal. The precipitate of gold ob- 


tained in the above manner, is generally | 


combined with more or leſs dephlogiſticated 
air; and conſidering that Too gr. of iron 
freſh. diflolved can take 10 grains of dephlo- 
giſticated air from 100 grains of gold, that 
a precipitation ſhould take place is not to be 
wondered at, eſpecially when gold is ren- 
dered inſoluble on loſing a ſmall portion 
of the dephlogiſticated air neceſſary for its 
folution. Beſides, the iron does not preci- 
pitate an equal quantity of gold, which 


muſt make a vaſt difference. Mr. Kirwan 


thinks this manner of accounting for it 
inſufficient; 1, Becauſe à ſolution of vi- 
triol of copper takes up only x 5.8 5-parts of 
the oxygenous principle, and yet is capable, 
by precipitation, of taking up 36 gr. and 
although it has greater attraction to the oxy- 
genous principle than gold has (according 
to Mr. Lavoiſier), it does not precipitate a 
particle of gold. 2dly, Becauſe platina is 
not precipitable by a ſolution of vitriol of 
iron, which, in the antiphlogiſtie doctrine, 
muſt retain its dephlogiſticated air with 
yery little —_— when it cannot take it from 
nitrous 
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nitrous air, as its infalubility in che nitrous 


acid indicates 17 n Fail 

IJ o the firſt of theſe obiedings IJ. would 
make anſwer, that the attraction of copper 
to dephlogiſticated air is not near ſo ſtrong 


as that of iron; and ts ſtronger attachment 


to the acid of ſolution reduces this ſtill 
lower, ſo as to bring both ſolutions to an 
equilibrium. To che ſecond cauſe.] would 
Gay, that platina, by being ſoluble in vari- 
ous, proportions. of dephlogiſticated air, may 
afford the martial ſolution a portion of it 
and. ſtill remain in ſolution. 
As copper is precipitated by — 
Kkewiſs as copper is inſoluble, in dilated 
vittiolic acid, Mr. Kirwan ſuppoſes that the 
diſſolution of copper in a diluted ſolution 
of vitriol of iron, by expoſure to air or in a 
boiling heat, is diſfcult to be.accauated far 
in the antiphlogiſtic aheory; and on this he 
grounds. bis ſecond ohjection. In my opi- 
nion, it is very unfavourable to the phlo- 
giſtic doctrine; becauſe! the copper is diſ- 
ſolved, and no inflammable ait prod uced, 
and. yet eh iron is thrown m Jn n Klei 
l 100 9fitil 
Mr. 
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Mr, Kirwan grounds his third jection, 
page 132, on the following fad: © Iron, 
he ſays, is diſſolved by the concentrated 
« vitriolic acid only by the aſſiſtance of 
10 heat; yet, if to a ſolution of ſilver or 
mercury, in t that concentrated acid, a piece 
1 of iron be inſerted, the ſilver or mercury 
„vill immediately be precipitated in their 
6s metallic form, and the iron diſſolved. 
8. This ſeems inexplicable in the neyyx 
66 theory; for ſince iron cannot without the 
« affiſtance of heat deprive ſulphur of its 

% oxygenous principle, how docs it happen 
« that, without that aſſiſtance, it deprives 
& filver or mercury of that princi iple, though 
te they have a ſtronger attraction to it than 
* ſulphur has?“ This, certainly, is a yery 
fair query, and deſerves attention. There- 
fore, I ſhall give my opinion of i it in as chern 
2 manner as 1 can. 


Let the twyo diagrams, 9 85 
be molecules of concen- 
trated vitriolic acid; 
which let us ſuppoſe in- 
fluence each other with the force of 
2, Which in addition to 5775 makes 757 
Now, 


D 
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Nov ow, if 1 iron \ be 1 
into this acid, it will not be 1 
diſſolved in it; for the force 5: * Ws 
of 7, with Chich we have 2 wh 
already ſuppoſed iron to at- Fe FIR 
tract dephlogiſticated air, N 
being inferior to 775, a perfect neutrality 
prevails until the force of 2, which | we may 
call the aggregate Influence, is dimi- 

niſhed; and this is done by fire or water, 
Again, let us ſuppoſe mercury to at- 
tract dephlogiſticated | air with the force 
of 6+ ; in this ſtate concentrated vitriolic 
acid will not influence it, until its aggre- 
gate attraQion is wholly removed. by fire, 
and then it will readily difolve it, Let 
us now ſuppoſe the' mercury in a ſtate of 
| ſolution, to be influenced by its dephlogiſti- 
cated air and volatile vitriolic acid, which 
is the acid of ſolution, with the following 
forces. Let M be mercury, D the quantity 
of dephlogiſticated -air- neceſſary for folu- 
tion; let us ſuppoſe theſe, if there had nor 
beenany thingelſe preſent toinfluenceeither, 
to attract each other with the force of 64, 


e 
and let us ſup- ö 
poſe this to be 
the utmoſt ſum M< 
of their reci- "ps | 
procal attractions, Let us likewiſe ſuppole 
V, or volatile vitriolic acid, to be attached to 
M——D, or the calx of mercury, with 
the force of 33 let 1 of this proceed. from 


the mercury itſelf, and the other 2 from 


the dephlogiſticated air attached to ir, which 


muſt reduce the attraction of M for D to 


3+ 3 which, in addition to the force of 1, 
that prevails in conſequence of the at- 
tachment of M and V, makes 4+ : thus, V 


and D are attached to M with the force of 


41. Now, 
if iron were 4 
introduced 
into ſuch a 
mixture, is 


it not to be expected that it would with 


the force of 7 readily overcome the above 
force, and precipitate the lilver or mercury, 
even in the preſence of concentrated vitriolic 
acid, which is always inſeparable from 
theſe ſolutions, and which, from its weak 


attachment to the mercurial ſalt, may Pp” 
T poſe 


1 
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poſe the decompoſition a little! ? Mr. Kir- 


wan's fourth query, page 1 3 3, is ver) 
much in favour of the antiphlogiſtic doc- 
trine : for, as I had an occaſion to obſerve 


146 ft 


above, the precipitation of one metal by 
another in its calciform ſtate, without the 
| production of inflammable air, at the ſame 
time that the precipitant i is held in folution; 
tends ſtrongly to prove the non-exiſtence of 
the matter of light inflammable air in 
metals; beſides, it is very explicable i in the 
| antiphlogiſtic doctrine. I have already en- 
deavoured to ſhew upon what principle the 
acid baſes retain their dephlogiſticated : air 
with leſs force, when fully ſaturated with 
it, than when united to a ſmall portion ? 
and I have ſhewn, in treating of nitrous 
acid, that the attachment of its baſis to 
dephlogiſticated air is in exact proportion 
to the quantity united to it. The ſame 
law holds good in all other combinations, 
and is explicable on- the ſame principles. 
Almoſt all bodies will unite with the dif- 
ferent ſubſtances to which they have an 
affinity, in various proportions, until they 
arrive at the point of ſaturation, which 


limits their power of chemical attraction, 
T here 


5 „ 
2e: 7} 287 an of ref wor bY: | 
Ther: are a few, '; Exceptions, to the above 
aw; or, the principles of water will only 
unite Pay one proportion, ſo that we can 
ever 0 brain it, in an intermediate ſtate. 
ev? 2100 3 


155 6 cauſe of this 1. have Already attempted 
to demonſtrate. I haver my doubts whether 
Men may not be ſaid of the aerial acid. 
hus, metals will unite with dephlogiſ- 
ticated ai air in various proportions, until 
ſaturated. If 10 100 grains of a metal are capa- 
ble of 1 uniting t to 15 gr. of dephlogiſticated 
air only, they will attract and retain 5 gr. 
of dephlogiſticated air with greater force 
than they will 10 gr. and 10 gr. with greater 
force than is gr. CBE 
Let us uppoſe every 100 gr. of tin, 
when! in perfect ſolution, to be united to 
15 Sr. of dephlogiſticated air with the 
force of 5. Let iron attract dephlogiſti- 
cated air with the force of 7, and let us 
ſuppoſe this force to be reduced to 6, by 
the acceſſion of 77 gr. of dephlogiſticated 
air, and the attraction of the tin to its de- 
phlogiſticated air to be increaſed by loſing 
74 of dephlogiſticated air: in this caſe, iron 
cannot precipitate tin in its metallic ſtate, 
although it may have greater attraction to 
"5: i dephlo- 
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dephlogiſticated air than the tin has. Hence 
it is evident, that a metal, in order to pre - 
cipitate another in its metallic ſtate, muſt 
not only unite to dephlogiſticated air in 
greater quantities, and attract it more for- 
cibly, but that this ſuperiority of force muſt 
be very great indeed. f 

Mr. Kirwan's fifth, fixth, and ſeventh 
queries have been explained, pages 260—1. 
One oͤunce of the nitrated calx of mercury, 
two ounces of Pruſſian blue, and twenty- 

| four of water, boiled for a few minutes with 
conſtant agitation, acquire a Cineritious yel- 
low colour. The mercury unites to the 
tinging acid of the Pruſſian blue, and forms 
a ſoluble ſalt. If to the filtered ſolution a 
ſmall quantity of iron filings and vitriolic 
acid be added, the whole maſs turns black, 
and the mercury is reduced *. As iron fil- 
ings and vitriolic acid produce inflammable 
air, and as the Pruffian acid is diſengaged 

and the mercury revived, Mr. Kirwan ſup- 
poſes, that a portion of the inflammable air 
unites to the mercury, revives it, and ex- 
dels from it the Proffian acid, 1 


I. 


0 Scheel, P- 162, French tranſlation. | 
FOR Ki This 


(-277 ) 
This being urged againſt the antiphlogiſ- 


tians by Mr, Kirwan, . as unanſwerable in 


their doctrine * I ſhall endeavour to in- 
quire into it minutely. 


In the firſt place we are to conſider, that 


the Pruffian acid, being united to the calx in 
its perfect ſtate, cannot take any thing from 


it during its ſeparation ; therefore the tre- 


dufion muſt ſolely depend upon the attrac- 


tion of the mercury to inflammable air. 


2dly, Be it remembered, that Mr. Kirwan 
conſiders the calx of mercury as a compound 
of fixable air and the baſis of mercury. 
Now, 1 ſhould like to know how the in- 


flammable air can act in this caſe; for it 
has two powers to encounter, Firſt, The 


attachment of the aerial acid to the metal- 
lig baſis, 2dly, The attraction of the Pruſ- 


ſian acid to bath, beſides its own attraction 


confeſs, as the decompoſition depends upon 
2 ſingle elective attraction, I cannot con- 
ceive how the inflammable air can expel 
both acids. If the inflammable air diſen- 
1 by the acid and ! iron filings, ſhould 


Eſſay on Phlogiſton, f p. 123. 
| T 3 | unite 


for fire, which is very conſiderable, I muſt 
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unite to the metallic baſis, its own proper 
a S would be diſcngaged, united to 
ephlogiſticated air in the ſtate of bxable : 
air; for it cannot be ſaid chat there is 550 
ſufficient to form water. Then what be- 
comes of the fixable air? for 1 | repeated the 
experiment with the utmoſt caution, and 
could not obtain a particle of fixable air, 
It cannot be ſaid, that the inflammable air 
united to the dephlogiſticated air of the 
calx, and formed water, if we ſuppoſe it to 
be already attached to the matter of light in- 
flammable air in the calx; for bodies of the 
ſame ſort cannot diſturb each other's affinity 
to different ſubſtances ſo materially, as a0 0 
cauſe a decompoſition. em jy 
Let us now inquire into the above pro- 
ceſs in the antiphlogiſtic doctrine. T have 
already ſhewn, that bodies which have ſeſs 
attraction to dephlogiſticated air than file 
phur has, may wholly decompoſe the vitrio-" 
lic acid, from the nature of its conſtitution. 
Thus mercury will calcine in concentrated 
vitriolic acid by the affiſtance of heat only, 
and volatile ſulphureous acid is diſengaged. 
The rationale of the production of this acid 


has been given before. As water has no 
_—_TCT mee” 
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| effect on mercury, it is eyident that light 


7 177 


inflanmable air attrads depp dead ait 


rd YI 
with | greater force than mercury does. 


1 _- Nd * 


1 ſulphur and the calx of | mercury be 


diſtilled, volatile vittiolic acid Is formed, 
and the 1 mercury is partly revived ; and if a 


is ormed, Hence it | appears if that Tolphur 
0 


1 portion of. ſulphur be. uled, cinnabar 


T3 It 


has greater attradion to deph 
than mercury has, | Theſe facts kept 1 in 
view, we can \ readily a account for the re- 
duction of 1 mercury, when vitriolic acid 


and iron are introduced into the” folu= 


#4 katkl 


75 22 | 
tion of the mercurial calx in the Pruſ- 


fian acid. ron, as IT: have already endea- 


1 


1 
voured tc to explain, aka its Atelco in 


als 


vitriolic acid, totally Gepe, the ſulphur” 


of its ; dephlogiſticated air; the ſulphur 
again, while in its ultimate diviſion, and be- 
fore it is influenced by fire, or by the ag- 


gregate attraQtion, recovers this from the 


water, by which inflammable air is produ- 
ced. If the calx of mercury reduced into 
its ultimate diviſion, in which ſtate it muſt 
be when held in ſolution, were in contact 
with vitriolic acid thus decompoſed, is it 
not reaſonable to ſuppoſe, that it would 


1 4 yield 


gilticated a air 
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yield i its dephlogiſticated air to the ſulphur, 
more eſpecially when it retains it with leſs 

force than water does? But as water is pre- 
ſent, a portion of it is likewiſe decompoſed, 
by which we obtain inflammable air. Whe- 
ther the inflammable air itſelf, at the in- 
ſtant that it is deprived of its dephlogiſti- 
| cated air, may not contribute to the reduc- 
tion of the mercury, by uniting to its de- 
phlogiſticated air, and. reproducing water, 
is what I cannot pretend to determine; al- 
though, from the attraction of the matter of 
light inflammable air to fire, together with 
the interference of the Pruflian acid, I am 
rather inclined to ſuppoſe it does not. The 
mercury being thus deprived of its dephlo- 
_ giſticated air by the ſuperior attraction of ſul- 
phur to that principle, rejects the Pruſſian 
acid, as having no ſenſible attraQion to it in 
its metallic ſtate. 
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NDING that Mr. Bertholette, in his 
notes to the French verſion of Mr. 


Kirwan's Eſſay on Phlogiſton (which I had 


not ſeen until my ſection on marine acid 
had been printed, which is now ſome 
months ſince, the preſs has been ſo very te- 
dious), affirms, that dephlogiſticated ma- 


rine air is not decompoſed by inflammable 
air, as Mr. Kirwan has aſſerted, I made the 
following experiment : 

I poured ſome colourleſs nĩtrous acid high- 
ly diluted upon a quantity.of manganeſe, in 
order to ſeparate any calcareous earth it might 
contain (the perfect acid having no effect on 
the pure calx of manganeſe), and triturated 
them for ſome time; then filtered the ſo- 
lution, and waſhed the calx repeatedly 
with hot diſtilled water, until the whole 
of the nitrous acid was waſhed away. Hav- 
ing introduced it into a retort, I pour- 
ed ſome pure marine acid upon it; and, 
when it had worked ſome time, received 


ſome of the air in hot diſtilled wa- 


ter: 
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ter: equal parts of this and inflammable air 
produced from vitriolic acid, which ſtood 
in lime liquor for two days, were mixed 
over lime water; the marine air was gradu- 
ally abſorbed, no precipitation took place, 
and the inflammahle air did not ſeem dimi- 
niſhed. I repeated the experiment with the 
fame reſult. In likes 10 the BE. 
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* meant, that 1 no ak air had been _ 
duced during the union of both airs: this 
was my chiefeſt motive to repeat the above R 
experiment, the reſult of which tends to. 
8 my arguments on that ſubjeQ, 


() 


An Anahe of the Human Calculus, with Oö 
fſervations on its Origin, &c. ' 


| NTO a ſmall earthen retort well coated, 


ters (Troy weight), or $40 grains of dry 
and well powdered calculus, which, on be- 
ing broke, appeared to be laminated with a 
ſmall nucleus, which was likewiſe minutely 
laminated. It was compoſed of coats or 
layers ſomewhat like an onion ; the outward 


cruſt appeared very porous, but increaſed i in. 


firmneſs of texture towards the centre. The 
retort thus charged was placed in a fide fur 
nace, with a conical glaſs tube, and an air 
apparatus adjoined to it. The firſt impreſ- 
ſion of fire after the air of the veſſels was, 
expelled, occaſioned a flow emiſſion of an 
elaſtic fluid, the firſt meaſure of which ap- 
peared to conſiſt of equal parts of en 
cated and fixed air. 

The ad meaſure 5 fixable, phlogiſticated. 

0 2 ditto, 2 ditto. | 


4th + ditto, + inflammable. 
5th, 6th, and 7th meaſures ſame as the 


* . 
1 
- 
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I introduced one ounce and three quar- 
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laft. Here the elaſtic fluids began to come 
over very faſt, attended with an urinous 
ſmell. The 8th meaſure conſiſted of + fix- 
able, inflammable, with an alkaline ſmell, 
gth meaſure +5 fixable, inflammable, and 


burned withagreeniſhflame. Theelaſticfluids | 
now iſſued ſo rapidly, it was ' impoſſible to 
keep an exact account of the number of mea- 
ſures ; and as I was obliged to work in mer- 
cury, the meaſure which I uſed was ſmall, 
| containing but five cubic inches; therefore I 
only examined the elaſtic fluids at different 
periods of the proceſs. About the four- 
teenth meaſure by conjecture, a very pun- 
gent alkaline, urinous and ſuffocating ſmell 
was very ſenſible, not only on the ſurface of 
the mercury, but throughout the elabora- 
tory. The ſixteenth meaſure was rapidly 
attracted by lime water to 4, and the lime 
water was not rendered fo turbid. as it ought 
to have been, if all the air abſorbed had 
been fixable air: on continuing the agita- 
tion the contraction ſtill went on, though 
much flower than at. firſt, until the air was 
reduced to t, which was inflammable; 
the laſt portion, that was ſlowly abſorbed, 


precipitated the lime very faſt. After loſing 
7 about 
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about five meaſures, the next was rapidly 
| contracted in common pump water partially 


impregnated with fixable air, until reduced 


to 3, and here ſeemed ſtationary, though 
frequently agitated; but on removing it to 
lime water, it, was contracted : 1, render- 


ing the lime water turbid. , From theſe ; 


facts it appears, that fixed ind alkaline airs 
iſſued at the ſame time; but why they did 
not unite in their paſſage, or when received 
into the meaſure, is a myſtery to me; pro- 
bably the ſmall | quantity of inflammable air 
interfered. From the beginning of the 
10th meaſure, a black charry and greaſy 
matter began to line the conical tube and 
the air veſſel; and may not the alkaline air 
diſſolye this partially, though not in ſuch 
proportion as to render it ſolid, yet at the 
fame time to weaken its attraction for fix- 
able air ? Were they to ſtand for ſome time, 
1 do not doubt but mild volatile alkali 
would have been formed; but this circum- 
tance did not occur to me during the pro- 
ceſs. The laſt proportions continued for 
four meaſures, and then the alkaline air in- 
creaſed to 2, and the remainder was in- 
flammable. It is remarkable, that this 

| proportion 
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been mig. p At this period more 
than two thirds of the proceſs were over, 
and the proportion of alkaline air decreaſed, 
while that of the inflammable ai air increaſed, 
until towards the end, when the laſt nine 


meaſures were all Tnflamimable, and, the 
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| operation ccaſed, though. the retort wy. 
urged with, a white heat. 
On breaking the retort when cold, 1 
found: a black powder o on the bottom, which 
weighed « 95 grains; this I dige eſted in ten 
ounces of diſtilled water for « one hour, and 
then filtered and evaporated i it to two ounces, 
when; 2 yellowiſh powder was depoſited ; and 
on letting the whole ſtand for one night, no 
cryſtals were formed. I fi tered the liquor 
to ſeparate. the powder, and evaporated the 
filtered ſolution to one ounce, during which 
time it continued to depoſit more of the 
fame powder ; this again I paſſed through 
the ſame filter I uſed laſt, in order to have 
it all upon one filter, and when the liquor 


was all through, I waſhed the powder with 
diſtilled water, which I added to the reſt 


of the ſolution, This being evaporated to 
eight 


( (0 


1 ad: gv 2 9.2m 243 20 
lebt 1 or Half an ounce, began 
to de 890 ta Very W ite powder, a and to emit 
1 228 l id all 318 ik 

a ſupaci 4 7 Vagour, not unlike 


Stele acid, The white | precipitate w when 
colledted, w ahed, and dried, weighed one 


11641 3 TTig 4348; 
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t very, loft, not unli e Mica in pow- 
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Jer : : 1 to a white | heat for ten 6b 


7 


10 


cauſtic. volatile alkali cauſed no precipita- 


© 42s 


tion; mineral alkali, and the: acid of ſugar, 


gt 


rendered the ſolution turhid, and likewiſe 


"17 


nitrated terra ponderoſa: hence I inferred 
that this powder \ was frlenite. After ſepa- 


| rating the ſelenite, I evaporated the re- 


maining part of the ſolution to dryneſs, 
with a gentle heat, during which time it 
emitted ſubacid vapours. The powder 
weighed eleven grains, was of a dirty yel- 


low colour, and had an aluminous taſte. 


To this powder I added as much diſtilled 
water as was nearly ſufficient to diſſolve it; 
and then put it by for three weeks, being 
interrupted by ſome other buſineſs. At the 
expiration of this time, ſmall tranſparent, 
and ſeemingly cubical cryſtals appeared 

2 N + 5 — on 
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ont the fide of the veſſel, above the ſutface 
of the olution ; z and thats likewiſe had an 
aluminous taſte. 1 diſſolved the whole in 
diſtilled water, and filtered the ſolution: 
acid of ſugar had no effect on ĩt at leaſt 
for ES minutes ; 3 cauſtic volatile alkali 
occaſioned an immediate cloudineſs; z and 
the ſolution when filtered, though the cauſ- 
tic alkali predominated, was rendered tur- 
bid by a ſolution of mineral alkali ; ; ' nitrated 
terra ponderoſa threw down a'copious pre- 
cipitate, and Pruſſian alkali detected a ſmall 
portion of iron. This aluminous ſolution, 
as I may now venture to call it, left on the 
filter a yellow fubſtance, which when 
waſhed and dried weighed half a grain; it 
diſſolved in nitrous acid without effer- 
veſcence; acid of ſugar cauſed no precipt- 
tation, but cauſtic volatile alkali threw 
down a precipitate, which diſſolved in 
_ diſtilled water. This ſolution was rendered 
turbid by the acid of ſugar, and muriated 
terra ponderoſa; but cauſtic volatile alkali, 
or lime water, had no effect on it. The ſo- 
lution of ſelenite in either of the mineral 
acids, and its precipitation undecompoſed 
by cauſtic yolatile alkali, ſhould always be 


guarded againft by every experimentaliſt. 
: The 
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The yellow powder firſt depoſited dur- 
ing evaporation from the ſolution (page 
2286) weighed two grains and a half, and, 

expoſed to a tolerably ſtrong heat, acquired 
a deep orange colour. I digeſted it with two 
ounces of diſtilled water in a ſand heat for 
half an hour, and then filtered the ſolution, 
which did not contain any thing but ſele- 
| nite. A yellow powder was left on the filter, 
which weighed + of a grain; it ſeemed to 
be iron, and ſuch I found it, for marine 
acid readily diſſolved it; phlogiſticated alkali 
precipitated Pruſſian blue, and tinctureof galls 
turned the ſolution black; muriated terra 
ponderoſa ſeemed to detect a vitriolic impreg- 
nation; but, on examining the marine acid, 
it contained a ſmall veſtige of vitriolic acid, 
though not ſo much as appeared to be pre- 
ſent in this martial ſolution. Indeed the 
acid vapour riſing from the ſolution of alum, 
during the depoſition of this iron and 
ſelenite, renders it probablè that it may be 
partially combined with vitriolic acid, in 
ſuch a proportion as not to render it ſo- 
luble in water, and in ſuch a ſtate as to be 
diſengaged by marine acid. Thus ſepara- 
ting all that was ſoluble in diſtilled water 
from'the charry ſubſtance left in the earthen 
U retort, 
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retort, I dried and weighed the remainder, / 
and found the loſs of weight by this treat- 
ment to be fifteen grains. I calcined the 
remaining eighty grains in an open crucible 
expoſed to a ſtrong red heat; it was dif- 
ficult of calcination, and took three quarters 
of an hour to be reduced to a bright grey 
powder; it firſt burned with a flame, and 
afterwards calcined with very vivid ſparks 
at every freſh ſurface expoſed to the air; 
when thoroughly calcined and cold, it 
weighed twenty-one grains, having loſt 
fifty-nine grains during calcination, I 
plunged it into fix ounces of hot diſtilled” 
water, and when it ſtood half an hour fil- 
; tered it: the ſolution taſted like lime water, 
turned ſyrup of violets green, and diluted 
vitriolic acid had no effect on it; but 
aerated volatile alkali, and acid of ſugar, 
rendered it turbid. The remaining part of 
this powder left on the filter, when well 
dried, weighed#ſixteen grains; therefore, 
ive grains of lime ſeem to have been taken 
up by the diſtilled water; theſe ſixteen 
grains diſſolved in nitrous acid, firſt, with a 
little efferveſcence, and when this ceaſed 
| the ſolution went on very ſlow, until the 
whole 


in 
whole was taken up: acid of ſugar cauſed 
no precipitation in this ſolution, but cauſ- 
tic volatile alkali precipitated the whole; 
about one grain of Pruſſian blue was thrown 
down by the phlogiſticated alkali, or per- 
haps more, for I could not ſeparate it from 
the filter. I digeſted the precipitate, when 
well waſhed and freed from the volatile 
alkali, in diſtilled vinegar, which took up 
with efferveſcence one grain and a half, 
which was precipitated by cauſtic volatile 
alkali, I waſhed what was inſoluble in the 
vinegar, and digeſted it in diſtilled water 
for half an hour, then filtered the ſolution : 
cauſtic volatile alkali had no effe& on this 
ſolution ; but acid of ſugar and nitrated 
terra ponderoſa cauſed an immediate cloudi- 
neſs. Seven grains and a half of the pow- 
der, which was inſoluble in diſtilled water 
and acetous acid, were readily taken up by 
diluted vitriolic acid, and precipitated by 
cauſtic volatile alkali: ſo the ſixteen grains 
laſt treated, ſeem to contain of clay ſeven 
grains and a half; of ſelenite fix grains; 
of wagneſia one and a half; and of iron one 
grain. The proportions of the different 


ingredients are as follow, viz. | 
U 2 Iron 
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hen 23 Grains 
Selen ite - 11 Ditto 
Clay 7 Ditto 
Alum - - - - - - 8 Ditto 
Pure calcareous Earth - ; Ditto 
Aerated Magnefia. = - 14 Dito 
Charry combuſtible Subſtance 59 Ditto 


Total 947 n 


1 found = darkiſh yellow ſaline ſublimate 
adhering to the neck of the retort, of a 
lamellar ſpongy texture, except the inner 
part next the retort, which was more com- 
pact, and coloured: this being carefully 
collected, weighed 425 grains, and readily 
diſſolved in half a pint of hot diſtilled water. 
I filtered the ſolution, and ſeparated a 
coally ſubſtance, which when waſhed and 
dried weighed ten grains, and, when ex- 
poſed to a red heat, burnt with a greeniſh © 
flame, and emitted white fumes, in ſmell. 
not unlike vitriolic ammoniac: the reſi- 
duum after - calcination weighed- half a 
grain, and was of a whitiſh colour; it 
ſeemed inſoluble in diſtilled water, but 
nitrous acid diſſolved it with efferveſcence; 
acid of ſugar cauſed a very little precipita- 

| tion, 
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tion, which did not take place until it 
ſtood ſome time; but cauſtic volatile al- 
kali inſtantly threw down a precipitate, 
which was taken up, when waſhed, by 
acetous acid : The quantity was too ſmall 
to be examined more accurately, but it 
ſeemed to poſſeſs the properties of magneſia. 
The ſaline ſolution had the colour of ſmall _ 
beer, and, when evaporated to two ounces, 
did not depoſit any thing, nor on cooling 
yielded any cryſtals. The black matter 
which lined the conical tube and air veſſel, 
weighed twenty-eight grains; indeed it ad- 
ered fo faſt to the glaſs, it was im- 
poſſible to collect the whole from the 
broken fragments, ſo that a few grains may 
be loſt. I diſſolved it in diſtilled water, 
and ſeparated four grains of a black coal 
from it, which did not differ in the leaſt 
from that obtained from the former ſubli- 
mate: this ſolution likewiſe evaporated 
to one ounce, and, after ſtanding one 
night, did not ſhew the ſmalleſt appearance 
of a depoſition, or a cryſtallization, I mixed 
both ſolutions together, and evaporated , 
them to one ounce; which, when cold; 
acquired the conſiſtence and colour of trea- 
U 3 | cle, 
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cle; ſo that I was now aſſured this was not 
a cryſtallizable ſalt, and that a ſufficient 
knowledge of it could not be acquired by 
this treatment. I charged it into a ſmall 
tubulated glaſs retort, with fix ounces of 
' diſtilled water, in order to waſh it down ; | 
and then placed it in a ſand bath, and diſ- 
tilled over three ounces of water, which 
ſeemed to be impregnated with nothing 
but a ſmall quantity of the ſolution, which 
adhered to the neck of the retort, and which 
gave it a light ſtraw colour ; this being re- 
moved, I applied a clean receiver; and when 
about half an ounce more of the liquor 
came over, the diſtillation was attended 
with an alkaline ſmell, merely ſenfi- 
ble, until an ounce and a half of the 
liquor paſſed over; and then it got ſo very 
pungent, though the diſtillation» was car- 
ried on very flow, and the veſſel kept cool, 
that I was conyinced of its being in a cauſ- 
tic ſtate; but a ſmall quantity of mild 
volatile alkali adhered to the lower part of 
the neck of the retort, part of which was 
waſhed down by the diſtillation, ſo that it 
was in vain for me to attempt to aſcertain 


the proportions which the mild and cauſtic 
alkali 
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alkali bore one to another, The volatile alka- 
line ſolution in the receiver, had the colour 
andſmell of ſpirits of hartſhorn, but more 
empyreumatic, and like ſpirits of hartſhorn, 
when expoſed to the air for ſome time, ac- 
quired a deeper colour, in conſequence of 
part of the alkali eſcaping, and the reſt at- 
tracting fixable air, which rendered it in- 
capable of keeping the charry matter in ſo- 
lution, which it had before diſſolved. 
When all the liquor had paſſed over, and 
nothing appeared in the retort but a ſmall 
black mals, I raiſed the fire ; and, according 
as the heat increaſed, this black ſubſtance 
acquired a white colour, with a kind of ar- 
rangement on the ſurface, which was occa- 


ſioned by the heat applied to the bottom of 


the retort being only ſufficient to raiſe the 
ſalt to the top of the charge; but when the 
ſand got nearly red hot, white fumes began 
to appear, which condenſed on the upper 
part of-the retort, and a little way down 
the neck. The proceſs laſted until the 
charge was nearly red hot, when the white 
fumes ceaſed, and nothing elſe paſſed over. 
On breaking the retort the following day, 
collected the ſublimate, which weighed 

| U 4 ſeventy- 
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ſeventy-two grains, and a black porous 
brittle ſubſtance was found on the bottom of 
the retort, which weighed twelve grains; and 
which, when expoſed to a ſtrong red heat, 
emitted white fumes, with a ſlight alkaline 
ſmell: by this proceſs it was reduced, with 
very little appearance of combuſtion, to a 
grey powder, which weighed three grains: 
this I cannot give any account of, as it has 
met with an accident; but I could venture 
to ſay, that four grains of the black powder 
| vere the ſame as the ſublimate, and that the 
remaining five grains conſiſted of volatile al- 
kali, and a charry combuſtible ſubſtance. 

Having the ſublimate now, as I thought, 
tolerably pure, and wiſhing to know its: 
nature and properties (as I ſuſpected it to 
be a combination of volatile alkali and ſome 
acid), I took five grains of well burnt 
and powdered quicklime, and with it 
mixed five grains of the ſublimate, but 
without the leaſt ſmell of volatile al- 
kali; and thrown upon a red hot iron, it 
emitted white fumes : the ſame proportion of 
vegetable alkali and ſublimate had the like 
effect. I made two equal diviſions of the re- 
maining 


1 


| ( 297 ) | 
maining part of the ſublimate; which was 
ſixty-two grains; the one I mixed with 
two ounces of diſtilled water; it readily dif- 
fuſed through it, being in fine powder; 
and on the other poured ſixty grains of vi- 
triolic aeid, diluted with half an ounce of 
diſtilled water: having thus mixed them 
in two large beer glaſſes, I was obliged to 
| ſet them by for fix weeks, being inter- 
rupted by other chemical experiments ; 
and at the expiration of that time, neither 
ſeemed to be much acted upon. I poured 
the vitriolic mixture into a ſmall matraſs, 
and boiled it on ſand for half an hour, with 
two ounces of diſtilled water, when the 
whole was taken up: the ſolution looked 
clear, and depoſited nothing on ſtanding ; 
mild mineral alkali had no effect on it; but 
mild vegetable alkali threw down a copious 
precipitate in white floculi, which was re- 
diſſolved by cauſtic alkali, lime water, and 
partially by mild mineral alkali. -Phlogiſ- 
ticated alkali, acid of ſugar, and acid of 
tartar, had no effect on this ſolution. The 
other portion of ſublimate, which I mixed 
with water, was very little diſſolved, and 
4 in 
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in pouring it into a matraſs, ſmall round 
lumps which appeared on the bottom of 
the glaſs, drew my attention; they were 
ſix or ſeven in number, ſome” weighing 
more than one grain, and the ſmalleſt about 
half a grain. They were very hard and 
compact, with a very ſmooth ſurface, and 
in figute reſembling the nucleus found 
in this calculus, - I charged the whole into 
a matraſs, with three ounces of water, and 
boiled it on ſand for three quarters of an 
hour, when about one half was taken up; 
the ſolution filtered very clear while hot, 
but on cooling it got turbid, and in time 
depoſited white floculi, which were rediſ- 
ſolved by cauſtic volatile alkali and lime 
water: it turned ſyrup of violets green; but 
this may be occaſioned by its retaining 
volatile alkali, though it had not the (mall. 
eſt appearance of ſuch impregnation, I 
have often obſerved, that, ſometimes, the 
pureſt fixed vegetable alkali contains vola- 
tile alkali, notwithſtanding the many ope- 
rations and different degrees of heat it muſt 
undergo before it arrives at that degree of 


purity in which we find it ſold at the ſhops, 
under 


„ 

e the name of ſalt of tartar v. 1 filtered 
the ſolution, to ſeparate what it de poſited 
on cooling: mineral alkali had no effect on 
it; but mild vegetable alkali cauſed a 
cloudineſs, which was rediſſolved by mine- 
ral alkali and lime water. Pruſſian alkali 
had no effect on this ſolution; the acids of 
arſenic, of 'tartar, of ſugar, and of borax, 
had likewiſe no effect on it; and alſo the 
three mineral acids. I was obliged to diſ- 
continue my experiments on this ſublimate 
here, having no more of it, and no calcu- 
lus to obtain it from. 

I introduced five pennyweights, or 120 
grains, of the ſame calculus-into a ſmall tu- 
bulated retort, and on this poured half an 
ounce of ſtrong nitrous acid, which acted 
upon it with efferveſcence. I collected ſome 
of the air extricated during ſolution, and 
found it to be fixable, with a ſmall quantity 
of nitrous air. When the efferveſcence 
ceaſed, I added a quarter of an ounce more 


I have obſerved that fixed alkali, when firſt moiſtened 
with water, very frequently produced volatile alkali ; and 
as the conſtituent principles of volatile alkali were not 
well known when this paper had been written, I I 
it to he ready formed in the fixed a 


of 
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of nitrous acid, and digeſted: it in hot' ſand 
for one hour, during which time it emitted 
nitrous vapour and nitrous air; but the 
latter in very ſmall proportion, When the 
ſolution was perfected, I poured it into a 
ſmall matraſs, with the addition of one 
ounce of diſtilled water, and boiled it gently, 
until the ſuperabundant nitrous acid was 
nearly expelled. The ſolution was of a 
deep yellow colour, and appeared turbid; 
but, on adding five ounces more of water, 
and digeſting it a quarter of an hour longer, 
it acquired the colour and tranſparency of 
what is called dephlogiſticated nitrous acid. 
On cooling it got a little turbid, and in a 
few days depoſited a darkiſh yellow powder. 
I filtered the ſolution to ſeparate this powder, 
which, when waſhed and dried, weighed a 
little more than a quarter of a grain: pure 
nitrous acid had no effect on it, but marine 
acid readily diſſolved it; in ſhort, it had all 
the properties of calx of iron. Being again 
interrupted, I was obliged to lay the ſolu- 
tion by for ſome time; and wiſhing to know 
what effect a long expoſure to the heat of 
the ſun would have on it, I placed it in a 
window, in one of the upper rooms of the 
elaboratory at Oxford, where the ſun had 
full 
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full power over it four hours every day. A 
little moiſture ſeemed to exhale from it dai- 
ly, the weather being hot; and the matraſs, 
which had a ſhort wide neck, being only 
covered with a piece of bibulous paper to 
keep out the duſt. Thus fituated, in the 
courſe of a week a few very.ſmall cryſtals ap- 
peared to float on the ſurface, which in time 
ſunk to the bottom, where they adhered to- 
gether, ſo as to form a hard concretion, ſtill 
retaining a cryſtalline appearance, but being 
fo ſmall and confuſed, it was impoſſible to diſ- 
tinguiſh their figure: this depoſition conti- 
nued for near a month, and then ſeemed to 
ceaſe. I filtered the ſolution to ſeparate the 
ſalt; and, to expedite the proceſs, as I 
thought, evaporated half an ounce of the li- 
quor away, and then ſet it by in the uſual 
place for a fortnight longer; but no more of 
_ theſe cryſtals appeared. I digeſted the alt, 
which, when waſhed and dried, weighed 
three grains, in four ounces of diſtilled wa- 
ter for two hours, and no part ſeemed to be 
taken up. I decanted off three ounces of the 
water, and added to the remainder fix drops 
of vitriolic acid, which, by help of digeſ- 
tion, ſeemed to diflolye it lowly; but on the 

| addition 
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addition of half an ounce more of diſtilled 
water, the whole was readily taken up. a 

Acid of ſugar had no effect on the ſolution, 
but lime water rendered it turbid, I preci- 
pitated the whole with cauſtic volatile alkali, 
and filtered the ſolution, which likewiſe 
threw down the lime from lime water. I 
waſhed the precipitate, and poured diſtilled 
vinegar upon it, which did not take it up : 
marine acid diſſolved it; phlogiſticated al- 
kali had no effect on the ſolution; and the 
acid of ſugar cauſed very little turbidneſs 
on ſtanding three or four hours. Theſe 
appearances induced me .to ſuppoſe, that 
this ſalt was phoſphorated clay. The ſolu- 
tion being now free from iron and phoſpho- 
rated clay, had a ſub-acid taſte, and looked 
Clearer, but ſtill retained a yellow caſt: 
acid of ſugar had no effect on it; but ni- 
trated terra ponderoſa threw down a copi- 
ous precipitate; as did likewiſe the cauſtic 
volatile alkali. Mild fixed vegetable alkali 
(which at firſt ſurpriſed me much) cauſed 
no precipitation; but, when I conſidered 
the ſolvent power of fixable air on calcare- 
ous earth and magneſia, which earths I 
knew were held in ſolution in ſmall propor- 
tions, and the quantity of fixable air diſen- 

3 25 gaged 
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gaged by- the uncombined and combined 
acids, I could readily account for the above 
phenomenon. I charged two-thirds of this 
ſolution into a ſmall glaſs retort; and diſtil- 
led over two ounces of liquor, which ſeemed 
taſteleſs; but had a very agreeable ſmell, not 
unlike roſe water. When all the liquor 
paſſed over, white fumes appeared in the 
retort, which were ſoon ſucceeded by a 
flow emiſſion of an elaſtic fluid. I col- 
lected ſome of this fluid, and found that a 
candle immerſed in it burned with an en- 
larged flame. Nitrous air did not diminiſh 

it in the leaſt ; it ſeemed to be that ſpecies * 
of air that nitrous ammoniac is convertible 
into: no more than thirteen or fourteen cu- 


dic inches of this air were obtained; and as 


ſoon as it ceaſed to come over, I obſerved 
ſome ſalt in irregular cryſtals in the 
lower part of the neck of the retort. On 
increaſing the heat, a white ſalt began to 
ſublime, and adhere to the upper part 
of the retort. I continued the opera- 
tion until the bottom of the retort was 
obſcurely red hot, and then raiſed it in the 
ſand. The following day, when I broke 
the retort, the quantity of ſublimate was ſo 
trifling, I could collect but very little from 

the 
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the broken glaſs: however, there was ſuffici- 
ent to convince me, that it was the ſame with | 
what I obtained in my former analyſis. The 
ſalt mentioned above, which cryſtalliſed in 
the neck of the retort, was nitrous ammo- 
niac; it inflamed and detonated per je, &c. 
A grey powder was left on the bottom of the 
retort, which hot diſtilled water partly diſ- 
ſolved; muriated terra ponderoſa, acid of ſu- 
gar, and vegetable alkali rendered this ſolu- 
tion turbid, but cauſtic volatile alkali had 
no effect on it. The remaining part of the 
powder which the diſtilled water left behind, 
was readily diſſolved with efferveſcence by 
marine acid, and precipitated by cauſtic vo- 
latile alkali : that part taken up by the diſ- 
tilled water ſeems to be ſelenite, and that 
diflolved by the marine acid to be magne- 
fla. | 4255 
This laſt mode of treating the calculus, 
was partly to correct my former analyſis, but 
chiefly in conſequence of Dr. Beddoe's very 
judiciouſly ſuſpecting, that it contained 
ſomething which might be decompoſed by 
the ſtrong heat I, firſt uſed (how far this 
conjecture was right is very evident) ; there- 
fore I only attended to the proportions: of 
that which eyaded my former analyſis. 

1424 The 
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The phoſphoric acid muſt have been 
Vaited to volatile alkali'in the calculus, pre- 
vious te\ity freatment with the nitrous acid, 
notwithſtanding its ſuperior attraction to 
calcareous earth: the preſence of alum ſhews 
how enveloped with an oleaginous matter 
the volatile alkali and pure calcareous earth 
muſt have been; therefore it appears, that 
the calculus was compoſed of the following 
different compounds blended together, viz. 
ſelenite, alum, microcoſmic falt, mild volatile 
alkali, lime, and cauſtic volatile alkali com- 
bined with oil, ſo as to form a ſaponaceous 
maſs, calx of iron, magneſia combined with 
aerial acid, clay enveloped by a ſaponaceous 
and oily matter, and the ſublimate already 
deſcribed, Conſidering this to be the true 
ſtate of the calculus in the bladder, the 
ſmall proportions of clay, ſelenite, magneſia, 
and iron, which are the moſt infoluble of 
the ingredients, the great ſolubility of mi- 
crocoſmic ſalt, and alum, and the miſcibility 
of lime, volatile alkali, and oil in water, tend 
to ſhew, that the ſublimate is the cement- 
ing ingredient : indeed, its inſolubility in 
water, and property of forming nuclei 
out of the body, as above obſerved, leave no 
X room 
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room to doubt it. The proportion of the 
other ingredients, and very likeiy their pre- 
ſence, depend upon chance, volatle alkali 
and oil excepted ; therefore this ſublimate 
ſhould be the object of our inveſtigation. 
May not ftri& reſearches into the nature of 
this ſingular ſubſtance throw new light on 
the original caufe of other diforders, as well 
as that of the calculus, particularly the 
gout, which hitherto has baMMed the {kill of 
our phyſicians? The effect of mild mine- 
ral alkali on the ſublimate, is worthy the 
attention of thoſe who may have an oppor- 
tunity of trying its efficacy. Mild mineral 
alkali may be taken in large doſes, and con- 
tinued for a length of time with impunity 
to the moſt delicate conſtitutions, only ob- 
ſerving a few circumſtances; but this alkali 
in acauſtic ſtate muſt very often be attended 
with miſchievous conſequences. Beſides, if 
we conſider that it muſt enter the maſs of 
blood before any part can reach the bladder, 
and the ſmall portion of the doſe taken ſe- 
creted with the urine ; and, laſtly, the action 
_ of cauſtic alkali upon animal ſubſtances, we 
mall be at a loſs to know on what principle 

cauſtic 
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cauſtic alkalies have been recommended in 5 


preference to the mild. Soap itſelf might as 
well be preſcribed at once; for ſoon after 


cauſtic alkali is taken, it muſt be in a ſapo- 


naceous ſtate, Fixed vegetable alkali ſhould 


be avoided, and the preference given to the 
other two alkalies. As it is evident that 


alkalies have no real action on the ſtone in 
the bladder, though their efficacy has been 
experienced in alleviating the diſeaſe when 
timely adminiſtered, their mode of action is 


only explicable in the following manner : 


They either prevent the generation of the 
ſublimate in the ſyſtem, or elſe keep it in ſo- 


lution. in the maſs of fluids; and being in the 
utmoſt degree of diviſibility, its ultimate par- 


ticles are capable of paſſing through the moſt 
minute emunctories, by which it iscarriedoff 


by other ſecretions as well as by the urinary. 


Thus the urine not being ſaturated with 
this matter, acts as a ſolvent on the ſtone ; 
and as the moſt ſoluble parts are firſt 
waſhed away, it in time falls into fragments 


of irregular ſurfaces, which, by their fric- 


tion, irritate and inflame the bladder, as 
has been obſerved by ſeveral practitioners. 
| X 2 | Allowing 
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Allowing that the ſublimate is the ce- 
menting ſubſtance in the calculus, and judg- 
ing from the effects of alkalies upon it, 
their modus operandi in the conftitution, it 
remains now to inquire into the origin of 
the calculus. The immortal Scheele has 
found this ſublimate in the urine of differ- 
ent perſons, and hence inferred, that it was 
a common ſecretion ; but it ſtill remains 
to be aſcertained, whether there be a 
greater quantity of it procured from the 
urine of patients who have the misfortune 
to labour under this diforder, than in that 
of thofe who never felt its pangs. If this 
latter ſhould not be the caſe, another path 
les open for our reſearches, which promiſes 
moſt ſucceſs. May not a deficiency of vo- 
latile alkali in the conſtitution, be the cauſe 
of concretions in the bladder, kidneys, &c. 
or, which muſt have the ſame effect, too great 
a proportion of acid, which, uniting with 
the alkali, may take up that portion which 
would have kept the ſublimate in ſolution, 
until conveyed out of the ſyſtem by the uri- 
nary and other ſecretions ; and may not this 
be the phoſphoric acid? If this latter 
ſhould be the caſe, an increaſe of micro- 
| coſmic 
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coſmiĩe ſalt muſt be found in the urine ;'but 
if the former, a decreaſe of the volatile al- 
kali, and no increaſe of the neutral ſalt. The 
ſmall quantity of phoſphoric acid found in 
the calculus, proceeds from the folubility 
of microcoſmic ſalt, Do not volatile alkali 
and phoſphoric acid conſtitute a great part 
of the human frame and is there not a pro- 
ceſs continually carried on to generate theſe 
in the ſyſtem *? and is not this proceſs 

| liable 


lt is nearly three years fince I firſt had an opportunity 
of making ſome obſervations on volatile alkali, which 
confirmed my opinion of its conſtant generation in the hu- 
man ſyſtem, to. ſupply its continual waſte ; and likewiſe 
enabled me to form a faint idea of its conſtituent parts. 
As others have publiſhed ſome experiments and obſerva- 
tions, made ſubſequent to mine, I find it neceſſary to be 
more minute in the following recital, than I otherwiſe 
would wiſh. About the latter end of March 1785, I 
found that nitrous acid poured on tin filings, and imme- 
diately mixed with fixed vegetable alkali, generated vola- 
tile alkali in great abundance : ſo ſingular a fact did not 
fail of deeply imprefling my mind, though at the time 
I could not account for it. I mentioned this to Dr. 
Higgins (for the obſervation was made in his elaboratory), 
but he took little or no notice of it. Thus, unable to 
awake his attention to ſo ſingular a fact, and having no 
opportunity of making experiments of my own, I was 

obliged to lay aſide all thoughts of it. 
| About 
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liable to be retarded or checked by intem- 
perance, &c. which may vary their quantities 
and proportions? and may not a due propor- 
tion of theſe be neceſſary to a vigorous and 


ſound conſtitution ? If ſo, no wonder that 
an 


About a fortnight after, I mentioned the circumſtance 
to Dr. Brockleſby. He told me he was going to meet 
fome philoſophical gentlemen at Sir Joſeph Banks's, 
and deſired I would generate ſome alkali for him to 
exhibit befere them : accordingly I did, and had the 
pleaſure of accompanying him thither. gs 

The December following, I chanced to get acquainted 
with my late worthy friend, Dr. Caulett, to whom I 
mentioned the fact already related, reſpecting volatile 
alkali, and likewiſe its copious generation from Pruſſian 
| blue, fixed vegetable alkali, and water. Pleaſed with what I 
told him, we agreed to procure the neceſſary apparatus for 
making a ſet of experiments on the ſubject. At preſent 
it is needleſs to give a detail of our different experiments; 
though at that time, when volatile alkali was leſs known, 
they might have been of ſome importance: therefore I ſhall 
only give an account of the following, which drew our 
particular attention. Into a glaſs cylinder made for the 
purpoſe, we charged three parts of alkaline air, and to this 
added one part of dephlogiſticated air; we paſſed the 
electrical ſpark repeatedly in it, without apparently effect- 
ing the ſmalleſt change. When it had received about 
a hundred ſtrong ſhocks, a ſmall quantity of moiſture ap- 


peared on the ſides of the glaſs, and the braſs conductors 
/ | ſeemed 
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an increaſe or deficiency in either or both 
of theſe, ſhould be productive of ſeveral 
diſorders. I make not the ſmalleſt doubt 
-but a ſeries of accurate experiments, made 


by a ſacacious obſerver on the latter part of 
Och: this 


ſeemed to be corroded: when we had paſſed ſixty more 
ſhocks in it, the quantity of moiſture ſeemed to increaſe, 
and acquire a greeniſh colour, though at this time the 
column of air ſuffered no increaſe or diminution. On 
examining the air, it burned with a languid greeniſh 
flame, from which we inferred that the dephlogiſticated 
air was totally condenſed ; it ſtill retained an alkaline 
ſmell, and the alkalige part was not readily abſorbed by 
water, This and another phenomenon obſerved in the 
firſt part of this paper, reſpecting alkaline and fixable airs 
iſſuing at the ſame time, without forming an union, in- 
duce me to ſuppoſe, that volatile alkali, like other ſub- 
ſtances, may be found in an intermediate ſtate, and in 
proportion as it is deprived of one of its conſtituent parts, 
that it attracts fire ſo much the ſtronger, which counter- 
acts its attraction to other bodies. Thus nitrous air is a 
compound of phlogiſticated and dephlogiſticated airs, re- 
quiring-a larger proportion of dephlogiſticated air to 
condenſe and render it combinable with alkalies. I often 
obſerved, that fixable air obtained from different ſubſtances, 
was not under the ſame circumſtances always condenſed 
with equal facility“: hence muſt ariſe the impoſ- 


„Since the above has been written, I have been induced to ſuppoſe that 
fixable air is never found in an intermediate ſtate, as obſerved in the be. 
ginning of this volume, 
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this ſubject, would be attended with uſeful 
diſcoveries. If God will grant me health 


and opportunity, I ſhall perſevere in this 
taſk, and wiſh that others would do the 
ſame; for the importance and extent of the 

ſubject 


ſibility of aſcertaming the ſpecific gravity of the compound 
elaſtic fluids, From Mr. Cavendiſh's famous diſcovery of 
the conſtituent parts of water, we could readily account 
for the loſs of the dephlogiſticated air in this experiment; 
but the quantity of water produced 'was more than we 
could expect from this: therefore water muſt have been 
precipitated from the decompoſed alkali ; for yolatile al- 
kali, from its great attraction for water, muſt keep ſome 
in ſolution, even in its aeriform Rate. From the above 
circumflances, it might be expected that a contraction of 
the column of air ſhould take place ; but be it conſi- 
dered, that the union took place gradually, in propor- 
tion as the alkali was decompoſed, and that in this caſe 
the expanſion muſt equal the condenſation. Being 
_ obliged to ſet out for Oxford, our experiments were 
ſuſpended, and, alas! never to be reſumed. If a young 
man of uncommon ſagacity, perſeverance and induſ- 
try, and whoſe philoſophical mind was ſtrongly bent 
towards new inveſtigations, promiſed to extend ſcience, 
the premature death of the late Dr. Caulett muſt be a 
ſevere loſs to ſociety, as well as a grievous one to thoſe 
who had the pleaſure of his acquaintance. During the 
ſpring of the year 1786, I often had an opportunity of 
mentioning different facts to Dr, Auſtin, relating to vo- 
latile alkali, who at that time was too much engaged to 
pay attention to the ſubject. In the latter end of June 

4 1787, 
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ſubject point out to me, that we ſhall all 
find work enough, and that our labours will 
not be in vain, provided they be attended 


with diligence, 


The above Analyſis is an exact copy of 
what has been read before the Royal Society. 
I am ſorry I have not had an opportunity 
of proſecuting the ſubje& as I would wiſh, 
as I promiſed two years fince, when this 
paper was written, I have made ſome 


_ 1587, I received a letter from him at Oxford (for he 
then lived in London), requeſting my exact mode of ob- 
taining volatile alkali, as he was engaged in that ſubject. 


I'mentioned the purport of his letter to Dr. Beddoes, our 
preſent lecturer in chemiſtry at Oxford, who had readily 


ſeen into the importance of what I told him, and candidly 
ſaid, it ought to have been made public a long time ago. 
On my arriving in London the following Auguſt, Dr. 
Auſtin gave me an account of a ſet of experiments which 


he had made, and which actually proved, that volatile al- 


kali conſiſts of light inflammable and phlogiſticated 
airs, not knowing at that time what Meſſ. Hauſman and 
Bertholet had done. Without depreciating the merit of 
theſe: two gentlemen, Dr. Auſtin has an equal claim to 
the diſcovery, laying aſide priority; as his experiments 
are as deciſive as theirs. Dr. Prieſtley made the firſt 
ſtep towards our knowledge of volatile alkali. See his 
Sixth Volume on Air. 


; experiments, 
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experiments, but they are not numerous 
enough, or of ſufficient importance, to af- 
ford a ſatisfaftory concluſion ; for; in or- 
der to this, it would require at leaſt 500 
experiments. But I hope ſhortly to 
have it in my power, tò offer the public 
ſomething on this ſubject. That the uri- 
nary ſublimate is preſent in tubercles found 
in the lungs of perſons who die of pulmo- 
nary conſumptions, and likewiſe in whatare 
vulgarly called chalk ſtones, is what I have 
experienced ; but in what proportion, or 
whether in quantities ſufficient to cauſe the 
concretion, is what I cannot ſay, for I have 
had but a few grains of each to examine; 

nor could I procure any more, notwithſtand- 
ing a diligent inquiry amongſt my friends. 
I have every reaſon to ſuſpect, that con- 
ſumptions and ſcorbutic complaints very 
frequently ariſe from a ſuperabundance of 
this ſublimate in the ſyſtem ; and that it is 
chiefly the cauſe of the gout and rheuma- 
tiſm, and ſolely the cauſe of the ſtone in 
the bladder. I make no doubt but theſe 
diſorders generally proceed from obſtruc= 
tions; and it is probable that either a preci- 
pitation of this ſublimate in the ſyſtem, or . 
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elſe a deficiency of ſome other ſecretion, 
which would hold it in ſolution until con- 
veyed out of the body, may be the chief 
cauſe of thoſe obſtructions; and likewiſe, 
that different degrees of precipitation may 
produce different ſymptoms and different 
diſorders. 

That mineral or volatile alkali and bark 
1 been uſeful in the above diſorders, 
has been affirmed by experienced phyg- 
cians; and I know an inſtance myſelf of 
mineral alkali and nitrous ammoniac being 
ſerviceable in a pulmonary complaint of 

ſome ſtanding. 

With reſpect to the ſtone, when it ac- 
quires a certain magnitude, it is abſurd to 
attempt to diſſolve it in the bladder, it 
waſtes ſo very ſlowly, and during this time 
the patient muſt ſuffer vaſt pain, particu- 
larly when the ſtone acquires a rugged ſur- 
face; therefore cutting for it at once is 
much preferable, 

Mineral alkali taken in the beginning of 
the complaint, and before the ſtone accu- 
mulates, will no doubt check its progreſs, 
and may in time change that diſpoſition in 


the habit. Patients who are cut for the 
ftone 
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ſtone mould, 1 think, take ide alkall 1 


for ſome time when the wound is healed, 
but not before, for fear of bringing on a 


mortification. Theſe are my opinions, or 
rather queries, reſpecting the effects of the 


above falt or fublimate found in the urine, 
calculus, &c. on the human conſtitution; 
and my ſole motive for laying them before 
the public, is to promote an 9 into ſo 


intereſting a ſubject. 
I flatter myſelf, that at leaſt an attentive 


| perufal of the above experiments may point 


out the ignorance of thoſe empirics who 
have too long impoſed upon the public with 
their pretended lithontriptics, and hkewiſe 
that it may tend in future to check ſuch 


